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¢ “miniPump’ | 


‘ton Roy “Baby” 








The Newest M 





Mother: —the necessity for precisely metering and pumping 
liquids in minute quantities. 


Father: —the one and only Milton Roy double ball-check design. 
Weight: —42 lbs. 

Capacity: —-3—800 ml/hr 

Pressure:—up to 1000 psi. 





“miniPump” handles clear liquids in minute 
quantities at pressures up to 1000 psi. It is a true 
Controlled Volume Pump, incorporating the 
exclusive Milton Roy double ball-check liquid 


from zero to maximum, by a screw and gradu- 
ated scale adjustment. 

“miniPumps” are available in Simplex, Duplex 
and Multiplex models with motor drive, also 


end in minified form with a fractional hp motor 
driver. As with all Milton Roy Pumps “mini” is 
a positive displacement, precise metering unit. 


as single units powered by 12” reciprocating 
air pistons. 

If yours is a problem of pumping clear liquids 
in precisely metered volumes and very small 
quantities by all means investigate—see what 
Milton Roy’s new “miniPump” can do for you. 


MILTON ROY COMPANY 


1309 E. MERMAID LANE + PHILADELPHIA 18, PA. 


The liquid end is heat treated type #20 stainless 
steel, with stainless steel, glass or synthetic 
sapphire ball-checks, to handle most corrosives. 
Chamber displacement, or scavenging, is com- 
plete over the full range of stroke length adjust- 
ment. Capacity is readily varied while operating, 





MODEL 350-A 
ULTRA-LOW FREQUENCY 
REJECTION FILTER 








FEATURING: 
ADJUSTABLE CENTER FREQUENCY 

ADJUSTABLE BAND WIDTH 

BAND REJECTION OR SHARP NULL FILTERING 

24 DB/OCTAVE SLOPE 

CORNER FREQUENCY PEAKINGeLOW INTERNAL NOISE 





TIME AND NUMBERS 


Do you need a permanent record of specific times and 
numbers that apply to your laboratory or production work? 
Streeter-Amet has the instrument which will accurately and 
speedily record either numbers or time or both at the same 
time on paper tape for easy readability. 





SPECIFICATIONS: 


BAND WIDTH: Sharp null, or 
continuously variable to maxi- 
mum width, covering entire range 
from 0.02 to 2,000 cps. 
FREQUENCY RANGE: High ond 
low cut-off frequencies independ- 
ent, from 0.02 to 2,000 cps. 
NULL: Continuous from 0.1 to 
500 cps. 

SLOPE: 24 db/octuve with peak- 
ing at cut-off frequencies. 
INTERNAL NOISE: Less than 
100 microvolts. 


Dire 


4 
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DESCRIPTION: 


Model 350-A_ provides 
either a rejection band in 
which the gain falls at a 
rate of 24 db/octave or a 
sharp single frequency null. 


Especially useful for vibra- 
tion studies, for electro- 
medical research, and for 
geophysical and seismo- 
logical instrumentation. 


Krohn-Hite quality control, 
highest quolity components, 
and a one year warranty 
insure you of a dependable 
instrument. 


ROHN-HITE instrument co. (( 


80 MASSACHUSETTS AVE.» CAMBRIDGE 39, MASS 








The counter operates by any means capable of supplying 
a switch closure or an electrical impulse. Counts may be 
indexed by time or number printed alongside the count. 


For high speed counting of a predetermined number of 
completed articles, the Streeter-Amet Predetermined Count- 
er automatically counts and then shuts off or controls asso- 
ciated machinery when the predetermined number is 

as reached. An outstanding time- 

hy 7m sever when packing a given num- 

: ber of articles in a carton, 

measuring lengths of wire or 
sheets in a bundle. 

Tell us your specific counting 
problem. We know we can help 
you economically. 











Write for illustrated 


circular SC 13 FOUNDED 


1888 
SCALES-WEIGHT RECORDERS-HI-SPEED COUNTERS 


STREETER - AMET COMPANY 


4101 N. RAVENSWOOD AVE. CHICAGO 13, ILL. 
















































and 100,000 more 


FROM 4 CIRCUITS AND 
8 BASIC PARTS 


What's your control problem? Flow—temperature 





—level? Are you using solids—liquids—gases ? 


No matter what you process, four basic circuits 
and eight basic component parts will give vou 
more than 100,000 different electronic measuring 
and controlling combinations. That's how Bailey 


has simplified controls for processing industries. 


The four arrangements illustrated show how easily 
Bailey interchangeable parts can be used. It's no 
longer necessary to carry a huge stock of replace- 
ment parts for emergency control installations. 
When vou standardize on Bailey controls vou are 
alwavs ready to meet changing conditions within 


your plant. 


And with Bailey simplified controls, your mainte- 
nance costs will be less. Maintenance men quickly 
become familiar with Bailey controls and spend 


less time on maintenance and installation. 


To see for yourself how vou can prohit with Bailey 


controls, write for a copy of our bulletin No. 17, 





BAILEY METER CO. 
1041 Ivanhoe Road * Cleveland, Ohio 
BAILEY METER CO. LIMITED, MONTREAL 
Controls for Processing Industries 
PRESSURE . FLOW ° LEVEL 
GAS ANALYSIS « TEMPERATURE e RATIO 



























4 + 8 works here at the Barberton Plant of 
Pittsburgh Plate Glass Company, 
Columbia Chemical Division 
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PROBLEM: Erect a modern panelboard 


of large size to fit against a curved wall, 












SOLUTION: vse FALSTROM standard 


steel panel units—11 sections mounted 
on a common channel base contoured to 
parallel control room wall. 


vi watch this space every month 
for valuable panelboord hints! 


This is an example of Falstrom 
panelboard design used in many 
large refineries and public utili- 
ties. The use of standard panel 
units light in weight, easily 
carried through doors and stair | 
ways or elevators — makes pos 
sible quick, easy erection on 
site. Handsome, strong, neat | 
arrangements of any length or 
complexity~—in straight lines or 
curves- are as easy to set up as 


toy building blocks 


Falstrom panel units come to 
you completely cut out for in- 
struments according to your 
specifications, with smooth 
round corners; finished in a rich 
jet black rubbed finish. All ac- 
cessories for installation includ- 
ing channel base are included. | 
| 
| 
i 
i 


onal 





FALSTROM COMPANY, | 


40 Falstrom Court, | 
2 eee A a 


Passaic, 





New Jersey 


WRITE FOR DATA SHEETS 


TALS TRON 
on Falstrom Standard Panels and on = 5 
Other Fabricated Steel Products. es ome : = 
\ . 
cs 
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1870 


° SINCE 


DESIGNERS © ENGINEERS ® BUILDERS 
OF CUSTOM STEEL PRODUCTS FOR INDUSTRY 
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TECHNICAL ARTICLES 


Economics of Instrumentation 


By G. W. McCullough 


Purdue's Course in Engineering fustrumentation 
By George W. Sherman 


Concepts of Instrumentation as Taught at The University 


of Tennessee .. 
By Philip Ewald 


A New Method of Recording Flight Data 
By Henry Sostman 
SERIAL 
Some Application Factors Affecting the Regulation of pH 
7, Sena 
By Allen L. Chaplin 
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By J. G. Ziegler and N. B. Nichols 


Long-range Multi-channel Telemetering System 
By John T. Mengel 


Industrial Radar for Hurricane Tracking 
By W. F. Gerdes and R. C. Jorgensen 
JOURNAL of the 
SOUTHERN CALIFORNIA METER ASSOCIATION 


History of Bellows-actuated Flow Meters 
By Claude B. Nolte 
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Owing to the importance of temperature measurement and 
control in all industries, we gladly “yield the floor” this 
month to the Proficient Priests of Precision at the NBS. 


National Bureau of Standards 
U.S. Department ot Commerce 


Washington 25, D. C. 


Technical Report 1414 
REVISION OF THERMOCOUPLE TABLES 


An extensive project is now under way at the 
National Bureau of Standards for revision of all the 
common thermocouple tables in order to take into 
account the recent changes in electrical units and in 
the International Temperature Scale. Present plans 
call for the publication during 1950 of eight tables 
giving the temperature-emf relations tor platinum- 
platinum rhodium, chromel-alumel, and copper-con- 
stantan thermocouples. 

The temperature-emf tables tor 
previously issued by the Bureau have been widely 
convert 


thermocouples 


used in science and industry, not only to 
thermocouple voltages into the equivalent measured 
temperatures but also in the preparation of purchase 
specifications for thermocouple wire and in defining 
the relation between impressed emf and scale reading 
for pyrometers which indicate temperature directly. 
Recently, however, in accordance with international 
agreement, the Bureau adopted the absolute electrical 
units and began using the definitions of the new Inter- 
national Temperature Scale of 1948 both in its own 
research program and in calibrating instruments for 
ther laboratories and Revision of the 
thermocouple tables was then advisable in order to 


industries. 


ake them consistent with former usage. 


In the preparation of the tables, emphasis is being 
laced on convenience for use. Thus, the explanatory 
xt will be short, the numerals will be as large as 
ractical, and the layout of pages and headings will 

arranged to facilitate interpolation. The argument 

ill be presented at one-tenth the interval given in 
e original tables. Inverse tables, formerly lacking, 
ill also be included. Each table, together with its 
verse, will be issued as an NBS Miscellaneous Publi- 
tion and, when announced, will be available from 


the Superintendent of Documents, U. $. Government 
Printing Office. The following tables are expected to 
become available during 1950: 


|. Reference table for platinum vs platinum-10°% rhodi- 


um thermocouples emf at intervals of 10 microvolts vs de- 


grees C; temperature at intervals of one degree C vs micro- 
volts 


Reference table for platinum vs platinum-10°% rhodi- 


intervals 10 microvolts vs 


um thermocouples; emf at of 
degrees F; temperature at intervals of one degree F vs 
microvolts 

3. Reference table for platinum vs platinum-13@ rhodi- 
um thermocouples; emf at intervals of 10 microvolts vs 
degrees .* temperature at intervals of one degree ( VS 
microvolts 

i. Reference table for platinum vs platinum-13 rhodi 
um thermocouples; emf at intervals of 10 microvolts vs 
degrees F; temperature at intervals of one degree F vs 
microvolts. 

5. Reference table for chromel-alumel thermocouples; 


emf at intervals of 0.1 millivolt vs degrees C; 
vs millivolts. 


temperature 
at intervals of one degree ( 
thermocouples; 
temperature 


6. Reference table for chromel-alumel 
emf at intervals of 0.1 millivole vs degrees F: 
at intervals of one degree F vs millivolts 


Reterence 
emf at intervals of O 
at intervals of one degree ¢ 


table for copper-constantan thermocouples; 
| millivolt vs degrees C; temperature 
vs millivolts 
8. Reference cable for copper-constantan thermocouples; 
emf at intervals of 0.1 millivolt vs degrees F; temperature 
at intervals of one degree F vs millivolts 


The NBS tables for iron-constantan thermocouples 
will not be revised until completion of an investiga- 
tion into the properties of some commercially avail- 
able iron-constantan thermocouples, which is now 
being carried out by the Bureau in cooperation with 


the Scientific Apparatus Makers cf America 


A limited number of rough-draft advance copies 


of the first two publications has been prepared to 
meet interim demand where the need is great. Others 
will become available in the order listed. Inquiries 
and suggestions regarding the tables should be ad- 
dressed to Dr. Robert J. Corruccini, Pyrometry Labora- 
tory, National Bureau of Standards, Washington 25, 


D. ¢ 











Economics of Instrumentation 


By G. W. McCULLOUGH, Vice President and General Manager, Phillips Chemical Company, Bartlesville, Oklahoma 


. INTRODUCTION 


OR many years the factors required to obtain the best 
Fi: performance at minimum cost from an automatic 

plant process control system have been of the deepest 
interest to the Management of the Phillips Petroleum Com- 
pany. This interest in plant control was born during the 
earliest days of the Petroleum and Gas Industry, when 
the first natural gasoline plants of simple design, oper- 
ating to produce a fuel of limited specification, utilized 
automatic controls as the most economical means to achieve 
the maximum production. 

As the industry continued ‘to develop, and new uses were 
found for the varied components of natural gas and gas- 
oline, the instruments used for the automatic control of 
process flows were progressively improved. With the ad- 
vent of the Chemical Plants employing petroleum products 
and feed stocks, the proper economical use of instruments 
to obtain quality specification product through continuous 
flow demanded the immediate development of many types 
of new instruments. 

Instruments are now in use that handle precise and 
complicated cycling schedules that are too rapid, delicate 
or complex to be entrusted to human hands, thus making 
possible mass production of high-purity products that were 
only laboratory dreams a few years ago. With proper 
controls, duplication of any operation is possible, and the 
exacting standards of specifications of a product can be 
constantly maintained. 

Too, World War II originated many new types of instru- 
ments and this war was won by the United States and its 
allies in large part because this nation was able to out-do 
its enemies in producing the technical instruments needed, 
and in training personnel in great numbers to operate 
them. The production of the atomic bomb was made pos- 
sible because the talents of all industries were pooled, and 
the wonders performed at Oak Ridge and its sister plants 
enabled the quicker subjugation of Japan through the re- 
duction of Hiroshima and Nagasaki. All America can 
be thankful for the savings in lives and money thus ob- 
tained. 

These complex instruments have not been used to any 
great degree in present-day plant operation, but the plants 
if the future built as complete new units will call for the 
adaptation of some of these items. 

From the standpoint of production, efficiency and invest- 
ment, the writer has carefully surveyed the subject of 
plant instrumentation based upon the operation of several! 
types of plants. For the consideration of members of the 
industry, many of the points studied during these surveys, 
applicable te general use, are presented herewith. 

FACTORS AFFECTING COST 

In an approach to an analysis of the requirements for 
good measurement and control, several items must be con- 
sidered to assure that the plant process flows will be prop- 
erly provided with instrumentation consistent with the gen- 
eral purpose of the plant. Competition in the petroleum 
and chemical fields is becoming keener each year, and the 
future will see succeed those companies which recognize 
and make use of the advanced instruments available to 
the industry. 

Some of these factors are routine and, while involving 
matters of the greatest importance in the operation of the 
measurement and control equipment, are of basic knowl- 
edge of a group such as is present here today. It has been 
iecided to discuss these interesting factors but briefly in 
der to favor a discussion of the instruments which will 
possible for the operation of the plants which will be 
developed in the future. 


Rasic Instruments. In broad terms, these Instruments may 
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be classified as those used to effect quality control differin 
in the main, from the routine type used for temperatur : 
pressure, level and flow control in that they are located 
the process closer to the product stream, and function «» 
reset the routine type instrument for a finer cut. This clo 
control is not necessary in the standard gasoline plan:, 
since its product is usually delivered to a central point 
for fractionation and purification. However, in a specia! 
product plant manufacturing individual hydrocarbon cuts, 
and in special product plants, i.e., producing butadiene to 
high standard of purity, extremely close control is nec- 
essary to assure that the product meets specification. Th 
is true also with regard to chemical product plants mani 
facturing ammonia, ammonium sulphate, ammonium ni- 
trate, nitric acid, etc. 

Safe Practice. The use of the more complicated instru- 
ments sometimes requires that an interlocking sequence of 
operation be used so that flows cannot be mixed accident 
ally with an explosive hazard created. This concern fo: 
safe practice has, of course, added to the cost of instru- 
mentation of petroleum-chemical product plants. 

Cost Center Reéords. Another item that must be con- 
sidered as a factor affecting the instrument percentage 
cost figure is the provision for proper records showing cost 
and production figures. In most petroleum-chemical plants 
the cost control must be carefully watched, since most 
process streams involve costly ingredients. 

Project Permanency. Too often in the past, plants have 
been built on the assumption that they would be short- 
lived; however, as the continued use developed, revamping 
and adding instrumentation has increased the cost per- 
centage above that necessary had it been possible to base 
the cost on the actual period of operation. 

Cascade Type Controls. The use of cascade type control 
installations, whereby an over-riding controller is used 
to reset an instrument to position a motor valve controlling 
a process variable, eliminates unusual or lengthy process 
time lags. Instruments used in this manner previde a 
means of obtaining precision quality and are adaptable 
to use with computer type panels when such are more fully 
developed. 

TYPICAL PROCESS USE 

Gasoline Plant. The instrumentation required for a 
natural gasoline plant is even today of a simple naturs 
The principal changes have been in the use of improved 
types of instruments for standard variable control. Trans- 
mission of flow differential, pressure and temperature has 
permitted the centralized location of equipment and has 
eliminated much of the difficulties encountered in winte) 
operation. 

Reducing the number of service calls and process inte 
ruptions has saved thousands of dollars. Too, the use of 
this type instrumentation has afforded a stepping ston: 
useful in the transition steps necessary to the training of 
personnel capable of handling the more complex instru 
ments required in other type plants. 

Table 1 includes figure for an early-day type plant usins 
the simpler type of direct-connected instrument. The cost 
percentage figure is low, since the type of instrument wa 
based on that needed for the manufacture of a product t 
less stringent specifications than those demanded of to 
day’s natural gasoline plant. 

Table 2 shows the investment necessary to a moder: 
natural gasoline plant. Using a leaner natural gas as fee 
presents more difficult extraction problems and, operatin: 
to maximum efficiency on a year round basis calls fo 
winter-proof construction. The dollar value of the produc 
is not too different from that of the early gasoline plan 
but the operating conditions have changed, requiring bette 
instrumentation to make possible the economical processing 
of the lean gases. 

Fractionation of Hydrocarbon Feeds. In the fractiona 
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Anhydrous Ammonia 


Selling Price 3-75 cents/pound 











Table 1 Table 2 Table 3 Table 4 
Early Day Nodern Refining Spec. Product 
Gaso. Plant Gaso. Plant Crude Unit Butadiene 
Total Plent Investment; $1,600,000 $2 500,000 $2,250,000 $38,000, 000 
Instruments Installed $ 25,000 $ 90,000 $ 125,000 $ 2,200,000 
Percentage 1.5 percent 3-6 percent 505 percent 5-8 percent 
Selling Price 5 cents/geal. 5 cents/gal. 7 cents/gal. 12 cents/pound 
Table 5 Table 6 Table 7 Table 8 
Chemical Plant Chemical Plant Chemical Plant Chemical Plant 


Nitric Acid 


Total Plant Investment $23,000,000 $1,500,000 $3,000,000 $1,800,000 
Instruments Installed $ 690,000 $ 30,000 $ 60,000 $ 40,000 
Percentage 3 percent 2 percent 2 percent 2-2 percent 


5-5 cents/pound 


Anmonium Nitrate | Ammonia Sulphate 


3 cents/pound 2-52 cents/pound 














tion of hydrocarbons to a desired kettle and overhead 
product, the vapor pressure at any given tray location 
within the vessel is an indication of the purity of 
the product at that point. A recent development has 
brought forth a differential pressure controller utilizing 
a bulb filled with the product desired at that point. In- 
stalled in the vapor space above the tray in which a quality 
product is desired, this controller functions so that, as the 
pressure at that point of application varies, the product in 
the vessel operates one side of a flexible diaphragm op- 
posed by the vapor pressure within the sealed tube of the 
instrument representing the product desired. The move- 
ment of the diaphragm causes an actuating air pressure to 
vary the ratio of reflux to column feed to maintain proper 
quality overhead and kettle product accomplished as _ re- 
setting a flow controller on the reflux line. 


Table 3 shows the instrumentation cost for a _ refining 


plant. Many of the comments for the modern gasoline 
plant apply to the refinery except that a higher priced 
product permits more complete instrumentation based upon 
more precise quality products and year round operation. 
Data from government-owned 
and-built plants have been reviewed and the use of the 
spectrophotometer using infrared ray phenomena to ana- 
yze the constituents of a flow stream has been developed 
to the extent that it is now suitable for control applications. 
rhis type instrument has been used for several years as an 
ndicating or recording analyzer but only recently has its 
control possibilities been utilized. The greatest handicap 
to the earlier use of this instrument was the necessity to 
take time to develop personnel capable of handling the 
equipment. Also, some of the mechanical difficulties in- 
volved, such as those encountered obtaining a clean flow 
stream, clean sample piping, etc., had to be overcome. This 
nstrument, used to determine the purity of a butadiene 
fiow stream, has greatly increased the efficiency of produc- 
tion. This has been possible through the anticipatory in- 
formation obtained quickly so that necessary process vari- 
ables could be changed before the column was upset beyond 
lick adjustment. 
The spectrophotometer has possibilities also in the analy- 
of a flow stream containing butane used as feed to a 
itadiene manufacturing plant. The quality of the butane 
tream is maintained through the proper adjustment of 
process variables. The use of this type instrument will be 
greatly expanded in the next few years. 
Since the production of butadiene jn the plant built 
id operated by Phillips Petroleum Company for the 
nited States Government was based upon the two-step 
italytic dehydrogenation of butane, cyclic operation of 
e process control gate valves was necessary. Owing to 
multiplicity of valves and the short time periods in- 
lved, human manipulation of this equipment could not 
relied upon for the repeated operation of these units 
a predetermined cycle. 
The timing program was further since 
rging of the flow lines was required before the hydro- 
rbon stream could be readmitted to the lines used 
ntly for regeneration and feed. An _ electrically-wired 
erlocking 


Butadiene and Butane. 


complicated 


system was employed to assure one cor- 


rect valve sequence to avoid an explosion hazard which 
would be presented should hydrocarbon and the oxygen 
containing regeneration gas streams be mixed. 

An electric timer was used to send an electrical im- 
pulse to the control valve with the cycle temperature 
program developed by means of a metal circular chart cut 
to a desired contour. These two instruments were synchro- 
nized electrically so that the proper valves were opened 01 
closed during optimum temperature conditions. 

The instrumentation necessary to the two catalytic de- 
hydrogenation steps effected control, simplify- 
ing the fractionation steps following each catalytic unit. 
Selective absorption and purification with furfural as 
the medium was employed to separate the butenes for 
feed to the second catalytic step and to secure butadiene 
} product after the second dehydrogenation 
control of the 
in these units to avoid unnecessary loss of absorbent and 
to avoid the production of butadiene which would not 
meet the exceptionally high standard of purity demanded 
for use as feed to the copolymer plant producing latex 


quailty 


as the final 


cycle. Close process variable was needed 


used in the production of synthetic rubber. 

Table 4 shows the cost comparison for a special prod- 
uct plant. Here it will be seen that the price of the prod- 
uct has greatly increased. The problems of precise con- 
trol and year round operation permit that the complex 
instrumentation necessary to achieve quality control may 


be a relatively high percentage figure. 
NITROGENOUS PRODUCTS PLANTS 


{nhydrous Ammonia. The manufacture of anhydrous am- 
monia has presented an opportunity for the use of many 
types of quality control instruments with much yet to be 
gained as further knowledge is obtained. Phillips Chemical 
Company's entry into the production of ammonia has in- 
creased the use of automatic control to most of the process 
flow. The original plant design, erected during the war pe- 
riod 1942-3, was based on World War I chemical plant prac- 
tices with many flow streams operated manually. It has 
been necessary to educate the present operators in the use 
of this new type equipment and to allay their fears re- 
garding the reliability of its operation. To accomplish this 
necessitated the strengthening of the instrument section 
personnel and providing facilities for 24-hour service. 

New instrument and control applications which have 
inder study are numerous. In the 


been completed and are 
| from 


synthesis step, liquid level control of the product 
the cold exchangers has been possible through the develop- 
ment of a displacement type level controller suitable for the 
high pressure the application. The use of 
instruments at this point has re leased personnel to super- 


necessary to 


vise other critical operations within the unit and has pro 


vided a more constant flow through the plant. 


Another quality control instrument is a methane ana- 
lyzer considered for use on the nitrogen-hydrogen stream 
from the converter. Study of this application has not been 
completed and is mentioned at this time only to indicate 
a possible locatior further automatic control of a plant 


process ste} 


ef ming tep, consideration has been giver 
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to using a hydrogen analyzer as a quality controller. As 
in the above-mentioned application, study is not complete 
at the moment as to the exact mechanical adaptations 
necessary; however, it too, is mentioned to afford an in- 
sight into the wealth of applications yet to be explored 
where automatic control of process variables can be made 
economically to provide more precise quality product. 

‘Table 5 contains the most comparison for a plant pro- 
ducing anhydrous ammonia. In this type plant the percent- 
age cost figure is somewhat low because of the use of alloys 
for many of the lines and the extreme operating pressures 
needed in the synthesis step of the process. 

Nitric Acid. In the manufacture of nitric acid, the oxida- 
tion of ammonia in the presence of suitable catalyst at ele- 
vated temperatures is accomplished with the catalyst gauze 
temperature controlled by permitting the by-pass of a vol- 
ume of cool air. However, in this process the presence of oxy- 
gen im the effluent gas stream from the nitric acid absorber 
is a critical indication of the efficiency of the total process, 
and is used to reset the temperature control instrument 
maintaining temperature preceding the catalyst chamber. 
In this manner process lag through the entire system is 
cut to a minimum with the quality of the feed to the ab- 
sorption column maintained to a precise quality. 

In this same process another application for quality con- 
trol is the use of a conductivity control unit calibrated in 
terms of percentage concentration nitric acid. This unit 
is connected to the outlet of the absorption column with its 
control established through a motor valve located on the 
water to the tower. This application is a direct control 
unit aimed to maintain a specific quality product. 

Table 6 shows the cost figures for a plant manufactur- 
ing nitric acid using ammonia and oxygen reacting in the 
presence of a catalyst. The total investment of such a 
plant is not great, but the cost percentage figure is low be- 
cause of the use of special alloys in the vessels and lines, 
making the investment out of the usual proportion for 
controlled variables to major equipment. 

Anmonium Nitrate. In the manufacture of ammonium ni- 
trate, the mixing of ammonia and nitric acid to the proper 
proportion is the key operation of the process, and the pH in- 
dication of the condensate from the neutralizer is a critical 
criterion of the efficiency of proper mixture. Ratio flow con- 
trollers are used on the ammonia and acid streams preset to 
a definite ratio and account for major control of the two 
flows. The pH value determined from a sample stream lo- 
cated in the vapor or condensate stream from the neutralizer 
is used by means of a pH controller to reset the ratio con- 
troller. This allows the pH value to be adjusted to that de- 
sired for a more perfect ratio and avoids much of the time 
lag which would otherwise be introduced into the system. 

Table 7 shows a typical chemical plant manufactur- 
ing ammonium nitrate. This plant shows the cost percent- 
age figure for instrumentation rather low. This is because 
the major equipment, although based upon much smaller 
process flows, requires many of the vessels and other equip- 
ment to be of special alloys which greatly increase the cost 
of total investment to that for measurement and control. 

This table gives relative figures for a chemical plant 
manufacturing ammonia. In this plant Phillips has made 
changes from many chemical industry methods of opera- 
tion to those based upon petroleum industry practices. 
While quality control application equipment is used, this 
plant represents compromise instrumentation. 

Ammonium Sulphate. A plant in which sulphuric acid and 
gaseous ammonia are combined to produce ammonium sul- 
phate was recently completed. This plant based upon con- 
tinuous process flow operation has provided applications for 
automatic control not encountered in some of the earlier 
plants producing ammonium sulphate. 

A pH recorder is used to afford a means of checking 
the efficiency of the chemical reaction of the sulphuric acid 
and ammoina gas and as a guide to the control of the prod- 
uct to the desired quality. 

A ratio controller is used to provide the correct amount 
of acid dependent on the base flow of ammonia gas. 
Through this means small fluctuations in ammonia gas 
flows are adjusted automatically by the increase or reduc- 
tion in the amount of acid admitted to the ammonia stream. 
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This instrument installation has reduced the effect of { je 
human element present when these two flows are manua y 
set to a fixed ratio. 

Temperature controllers make continuous flow throu h 
automatic dryers possible, eliminating the batch plant 
type of operation which was often used in the past. Aui»- 
matic weighing and bagging machines further facilita:e 
the handling of the product to storage. 

Table 8 presents cost figures for comparison with ott 
chemical product plants. 

Computers Used with Quality Controllers. All of tye 
control applications and the instruments used to achieve 
an end product are those used to maintain quality and ave 
of the type which will be suitable for adaptation to a com- 
puter type panel. 

Using a computer in conjunction with suitable. instru- 
ments, it will be possible to turn a dial to a quality de- 
sired, and the computer will then function to reset a ratio 
control of feed to reflux for a column, or control the wate: 
flow over a tower to maintain a proper concentration of 
an acid, etc. Though at the present moment these computer 
instruments are used in many phases of aircraft naviga- 
tion, the instrument companies have fabricated experi- 
mental models using principles as indicated herein fo: 
process control and it is possible that units will be available 
to the industry for special application in the near future. 

A plant built to operate using some modification of the 
Fischer-Tropsch process to manufacture gasoline using 
methane as the primary hydrocarbon, will require a cost 
percentage figure in the neighborhood of ten percent. This 
will be due to the exacting nature of the process not only 
for the production of the oxygen, but in the reforming and 
synthesis steps as well. 

Perhaps better instrumentation will help to make this 
process financially attractive and in some part permit its 
economical construction. 


FUTURE AND PERSONNEL 

A main factor upon which the use of the more complex 
instrumentation is based involves the training and devel- 
oping of personnel qualified to design, operate and main- 
tain this complex instrumentation. In the early days of 
the petroleum industry the instrument men were chosen 
from personnel who had shown an ability to repair things, 
hay binders or automobiles. Today’s specialized equipment 
is a challenge to the technical graduation. 

The colleges of Engineering at several schools have now 
included in their curricula, courses on instrumentation 
which provide a means of training men during their school 
years. This inclines these men further toward an interest 
in this work and, from this group, management can se- 
lect men who have at least indicated a desire to follow this 
phase of engineering. 

Through this step educational groups have acknowledged 
the need for basic training in instrument design and ap- 
plication, and are attempting to do their part in the ad- 
vancement of measurement and control. 

Too, the recent establishment of the Instrument Society 
of America, organized to function along the lines of other 
bodies such as the American Society of Petroleum Geolo- 
gists, American Society of Mechanical Engineers, etce., 
has done much to alert men responsible for the economical! 
production of special products to an understanding of the 
important place automatic control instruments occupy ir 
present-day plant operation. 

In order for a technical graduate to be interested i: 
following this phase of engineering has meant that the 
management of the various companies in the Petroleum- 
Chemical Industries has had to become measurement and 
control conscious. Management has had to base its con 
cept of personnel placement in an organization chart in 
a strong enough position, so that a technical graduat 
could be satisfied with the opportunities for salary and 
progress, using measurement and control as his medium 
Many of the larger companies, recognizing that it will b 
through the further use of the technical graduate tha‘ 
added advantages from better instrumentation will b 
gained, have placed graduates in the company engineering 
and operating departments to serve as key personnel. 
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N response to the rapid increase in 
instrumentation in all types of pro- 
cessing, many schools have included 


‘this subject in their engineering cur- 


ricula. 

There is an urgent demand by indus- 
try that the engineering student have 
in the instrumentation field. 
Therefore, it seems that more attention 
should be given to this often-neglected 
fle d. 

Some have separate while 
thers have the instruction included in 
ther courses. At Purdue University we 
ave a separate course administered in 
e School of Chemical Engineering. 


courses 


\ separate course seemed more desir- 
ble for two First, when ad 
inistered as a separate course the stu- 
dent has his attention focused on the 

iterial in a much more forceful man- 
er than if it is attached bit by bit to 
ther courses where he may be led to 

nk of it only as a “filler.”” Secondly, 

s much more desirable to have one 
nember of the teaching staff, who is 
trained in this particular field, admin- 
ster the course — because he can give 
uch of his time and energy to the sub 
ct rather than to attempt to have the 
ntire staff teach the subject as a side 
ne. The latter method might be, in 
nany cases, more of an annoyance than 

atter of interest to the staff member, 
vho has his main interest in another 


reasons. 


ibject. 
The subject matter of instrumentation 
‘losely related to many other courses 
nd, when administered late in the cur- 
culum, serves as a means of review 
nd as a correlating course. Such a 
urse, properly taught, will help the 
tudents to comprehend the fact that 
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Purdue’s Course in Engineering Instrumentation 
In the School of Chemical and Metallurgical Engineering 


By GEORGE W. SHERMAN, Associate Professor of Chemical Engineering, 





each integral part of the plant is an im- 
portant link in an over-all project, the 
aim of which is to produce some product 
in the way possible. 
Such a course cannot help but enlarge 
the student’s view of process operation. 

The course in Engineering Instrumen- 
tation at Purdue University was started 
in the fall of 1913 under the name of 
“Pyrometry” at the request of Profes 
sor H. C. Peffer who was at that time 
the Head of the School of Chemical 
Engineering. The course at that 
was confined to the measurement and 
control of temperature. Later, as auto- 
matic contro] methods were developed 
for other conditions and properties, the 
course was expanded to include flow, 
flow ratio, pressure, level, viscosity, pH, 
smoke density, humidity, specific grav 
ity, and COs measurement and control. 
About 1935, observing that M. F. Behar 
had been using his term “Instrumenta 
tion” in his serials, we called it by that 


most economical 


time 


name. 





Liquid Flow Meters 





At the beginning of the course the 
student is made acquainted with the 
basic principles of measurement. This 
part of the course includes a discussion 
of accuracy and sensitivity and their 
effect on the end product of the control. 
Errors due to the measuring instru- 
ments are considered fully, including 
the changes in the condition being meas- 
ured due to the measuring element, and 
those errors due to the various lags, ete. 

In the measurement and control of 
temperature the student studies thermo- 
electric, resistance, pressure, radiation, 
optical, and photoelectric methods. This 
work includes the consideration of va- 
rious measuring elements as best ap- 
plied to the measurement of tempera- 
ture under various conditions. Studies 
of the measuring instruments such as 
the millivoltmeter and potentiometer, 
together with the advantages and dis- 
advantages of the types, are 
included. 

Consideration is given to the prob- 
thermometer wells and protect 
including lag problems, cor- 


various 


lem of 
ing tubes, 
rosion etc. 

In the and control of 
flow and flow ratio, the Venturi, the 
orifice plate, and Pitot tube, the rota 
meter, current type and volu 
metric meters are discussed. 

For the other conditions and proper- 
ties, such as level, pressure, humidity, 
smoke density, and pH, there 


measurement 


meters 


Visco ity, 
is a similar coverage. 

In the problems of control, various 
types are studied, starting with simple 
on-off types and progressing through 
proportioning with re 
to the more recent types. 
The operating characteristics and pro- 
per application of the various types are 


proportioning, 


set, and on 


discussed. 

In the study of control problems, con 
is made between self-operated 
Telemeter 
fully 


parison 
ervo-operated devices. 


signal transmission is 


and 


12 and 
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covered as is the relative advantages of 
electric, pneumatic, and hydraulic sys- 
tems for relay and positioning devices. 


EXPERIMENTS FOR LABORATORY 
George W. Sherman 
Study of resistance thermomete: 
2. Freezing point method of thermocouple cali- 
bratior 
Calibration of thermocouples by comparison. 
4. Instal 





lation of thermoelectric pyrometers. 
Study of lags in measurement 

€ Study of automatic contro! mechanisms, on- 

off 

Study of electric proportioning controls, re- 

set, rate 

Study of pneumatic proportioning controls, 

reset, rate. 

Study of radiation pyrometers 

Study of optical pyrometers. 

Measurement of emissivity 

2. Flame temperature measurement, line rever 





Flame Temperature Measurement by the Line Reversal Method 

sai 

Study of gas flow meters ITEMS TREATED IN LECTURES ITEMS TREATED IN LECTURES 
4. Study of liquid flow meters. SECOND MONTH THIRD MONTH 
5. Level and density measurements and control. 1 





Therma! Radiation I ob —_ Meters 

a : i oniidinnitiasiaiadl 2. Nature of The al Radiation - low Nozzles 
ITEMS TREATED IN LECTURES soaeaicen age Meenes de taeeoe Orifice Plates 
FIRST MONTH ae r saci - 






4. Radiation Laws 4. Pressure Taps 
Direct and Inferential method of measure- 5. Blackbody, Gray Body 5. Orifice Plate Constructior : 
ment 6. Total Emissivity 6. U Tubes and Bellows some 
2. Accuracy 7. Absorptivity *. Flow Meter, Steam design of 
Sensitivity 8. Artificial Blackbody 5 Flow Meter, Gas future c¢ 
Instrument Change 9. Theory of Radiation Pyr. '. Flow Meter, Liquids : a ere 
Seebeck Effect 10. Stefan Boltzman Equation 10. Pitot Tubes to the pI 
6. Peltier Effect 11. Radiation Temperature 11. Flow Meter Cy ne umount ¢ 
Thompson Effect 12. Three Parts of Rad. Py: 2. Blow-out Checks um fine 
Qualities of Elements l Precautions for Rad. Py: , > Motion fransn pases es The lal 
Thermoelectric Powe 14. Use of Rad. Pyr 4. Gyroscopic Flow Mete 3 
Homogeneity, Parasitic Currents 15. Theory of Optical Py 15. Rotameters types of 
Common Types of Couples 16. Wien’s Law 16. Area Piston Type Ineluded 
2. lron-Constantan Couple 17. Applied Scheme of Opt. Py l Anemometers 


perature 



































Copper-Constantan Couple 18. Morse Thermogage 1s. Volumetric Piston } th 
4. Chromel-Alume] Couple 19. L & N Opt. Py: 9. Volumetric Bucket ind sev 
5. Plat Pt-Rh. Couple 20. F & F Opt. Py: 20. Volumetric Bellows Seven flo 
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Optical Pyrometers and Measurement of Emissivity 


Some time is spent on the proper 
design of the plant in its relation to its 
future control. Attention is also given 
to the problem of providing the proper 
mount of instrumentation for a maxi- 

um financial return on the process. 

The laboratory is equipped with many 
types of measuring and control devices. 
Ineluded in this apparatus are six tem- 
perature controllers of various make 
nd several temperature recorders. 


Seven flow meters of various types are 
provided for student experiments. Den- 
sity and level measuring apparatus is 
ilso available in the student laboratory. 





portioning and Proportioning-with-reset 
ontrollers. 


Calibrat 


n Pyrc 


ymeter 


Calibration and Installation of Resistance 


There is also considerable 
for calibration. 

Fourteen electric furnaces and ovens 
in the laboratory may be used for cali- 
bration and for study of control prob- 
lems. The laboratory is well supplied 


equipment 


with portable measuring instruments 
such as millivoltmeters and potentio- 
meters. 


The course consists of two lectures 
and one three-hour laboratory period 
per week for one seventeen-week semes- 
ter. Supplementary to the lectures, “In- 
dustrial Instruments for Measurement 


and Control” by Rhodes is used as a 


Fad 





Thermometers 


textbook. In addition to the text, “In- 
dustrial Process Control” by Eckman 
and “Automatic Control Engineering” 
by Smith are available to the student 
for further study. Bulletins of the Bu- 
reau of Standards and various trade 
bulletins are also provided for reference. 

The aim of the course is not to train 
technicians, but rather to train engi- 
neers to the end that they will have the 
fundamental knowledge necessary to 
understand the problems of engineering 
instrumentation. Time is spent on spe- 
cial mechanisms only to acquaint the 
student with the basic principles of the 
measurement and control of the par- 
ticular condition or property. 

The content of the course is directed 
to supplying the student with that 
knowledge which will enable him to 
choose the proper instruments for the 
job at hand, to superintend the correct 
installation of these instruments, to 
superintend the operation and mainten- 
ance, and to determine the proper bal- 
ance of instrumentation for a maximum 
financial return on the investment. 

In view of the present trend toward 
complete automatic control of processes, 
the student is made aware of such 
trends to the end that he may be pre 
pared to orient his thinking to the 
rapidly developing changes in design 
of process devices and their instrumen- 
tation. 

This course is required of all seniors 
in Chemica] and Metallurgical Engineer- 
ing and is offered as an elective for all 
other engineering students. 





Density and Level Measurements 














Fig. 1. Laboratory section 
starts test on new decade scaler. 


examines wave-form of audio oscillator prior to 


calibration against signals from Station WWV, 


Concepts of Instrumentation as Taught at 
The University of Tennessee 


By PHILIP EWALD, Graduate Assistant, Physics Dep't, University of Tennessee, Knoxville, Tenn. 


T the close of the late war, it 
A became apparent that a special- 
ized course in instrumentation 
was among the changes needed in the 
curriculum at The University of Ten- 
nessee in order to meet the demands of 
advancing technology. After consider- 
able thought by all departments con- 
cerned and led by the Chemical Engi- 
neering Department, it was decided to 
have the subject taught in the Physics 
Department, not only because of the 
long-time interest and activity of this 
group in instrumentation, or because of 
the physical nature of the matter, but 
in order to strategically locate the 
course to serve all branches of science 
and engineering. As a result, the Uni- 
versity Catalog now carries under the 
listing of Physics courses the follow- 
ing entry: 





$41-2-3 Instrumentatior Physical Prin 
iples of Measurement Statice errors Dy- 
namic errors Study of instruments and 
itomatic controls . Two hours and one 
period Three hours credit, each 

rte 
The course was developed and is 


taught by Professor John D. Trimmer, 
who came to the University after work- 
ing on instrumentation at M.I.T. for 
several years under Professor Draper, 
and at Oak Ridge in the Electromag- 
netic Isotope Separation Plant and on 
nuclear pile control. He is author of 
the forthcoming book “Response of 
Physical Systems” (John Wiley & 
Co.) written as a text for the course, 
and of an article in the October 1949 
Scientific Monthly on “Instrumentation 
and Cybernetics.” Designed for students 


with a knowledge of calculus and ele- 
mentary differential equations, the 
course has attracted seniors and grad- 
uate students in several branches of 
science and engineering, principally in 
physics and electrical engineering. 





Fig. 2. 


Hydraulic forcer for producing 


first-order exponential or step function. 


The material three 
cuarters. In the first, measurement is 
defined, with its limitations and effects 


COUrse covers 


on the measured system. Then, the 
follows a discussion of the three bas 
instrument specifications: range, ef 
ciency* and accuracy. In connectic 
with accuracy, the concept of randor 
or probable error is studied in de 
tail, including the criteria for stat 
accuracy of measurements. 

The second quarter commences w 
an investigation of the response of a 
simple first-order system, such as 
capacitance-resistance combination, t 
a step function, and progresses throug! 
more complicated cases such as expo 
nential and sinoidal forcing. The stud) 
is repeated for second-order 
as obtained for example with a capaci- 
tance-inductance combination. The idea 
of feedback is introduced, and the quar- 
ter concludes with a mention of higher- 
distributed, and non-linear sys- 


systems 


ordei 
tenis. 
The third quarter continues with thé 
study of system response, with 
creased emphasis on feedback. Methods 
investigated for obtaining roots 
of the higher-degree equations involv: 


are 


Epitor’s Nove We believe that in D l 
mers course this term does not ive the 
mon o ngineering’” meaning but is the 
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LEFT.—Fig. 3. 








Motor-driven sinoidal hydraulic forcer. Water or mercury in U 


RIGHT.—Fig. 4. Motor-driven sinoidal electric forcer. Galvanometer coil 


ind then the concept of stability is 

' considered using an approach similar 

f ' to that of Routh’s Rule and the Ny- 
ist Criterion, but of a simpler na- 


ture. This last quartcr presents the 
naterial which is, of course, needed 
understand the operation of con- 


regulators, and servomechanisms. 

For each two hours of classroom 
ork, there is one two-hour laboratory 
period. One of the laboratory sections 


ert : shown in session in Fig. 1. It is 
iS © following the established axiom of 
fh arning: that there is no better way 


10 to learn than by doing. This is par- 
m 7% ticularly true for engineers, and to be 
study the theory of probable 
vor and then demonstrate it on the 
ilear radiation counter, or to plot the 
th | theoretical response of a feedback am- 
fier and compare it with the action 
an amplifier in the laboratory ties 
to the physical world in a re- 
gh FF irding manner. 

0 Typical of the apparatus used are 
dy t forcing systems illustrated in Figs. 
and 4. All have been built in the 


t theory 








laboratory to demonstrate certain types 
of response. The simplest, and first 
one constructed, is the hydraulic forcer 
shown in Fig. 2. It is a first-order 
system which is linear non-linear 
depending on the size of capillary used, 
and may be used for step or exponen- 
tial forcing. For this apparatus, the 
water levels in the jar standpipe 
are the “amplitudes” of the system. 
Fig. 3 shows another hydraulic force1 
which imparts a sinoidal action to a 
U-tube or other system. The apparatus 
of Fig. 4 is an electrical forcer which 
imparts, by means of a motor-driven 
voltage-dividing resistor connected 
across a battery, a sinoidal emf. to a 
wall galvanometer which serves in 


or 


or 


case as a second-order system. 

Closely tied in to the course are sev- 
eral devoted to de- 
veloping apparatus suitable for demon- 
stration Some carried out 
by graduate students working toward 
advanced An example is 
shown in Fig. 5 where a “butterfly” 
motor-driven capacitor, useful in 


research projects 


work, are 


degrees. 


sim- 


ig. 5. Graduate student adjusts capacitor-microphone simu- Fig. 6. Group checks 

r sample 

‘he answer was found in a chart ratchet cut in the drive shaft. The 
Pie eee Se ee ee a ee ere oc. a ee | er” Sra Sas 





tubes simulates second-order system. 


simulates second-order system. 


ulating the action of a capacitor micro- 
phone, is under test. 

While the tenor of this course 
seem to be too theoretical for a study 
of instrumentation, particularly from 
an instrument standpoint, it 
represents a necessary approach to the 
subject for scientists and engineers 
who intend to work on the research and 
development of modern measuring and 
controlling instruments. Technology is 
advancing at such a rapid rate that the 


may 


user’s 


only sure way to keep pace with th 
trend is to attain a thorough ground- 
ing in the mathematical and physical 


basis of the subject and then to add a 


knowledge of the “hardware” or ap- 
paratus to be used in a specific case 
To this end, the course has been set 


ip so that when the engineer confronts 
a measurement and control problem, 
whether the designation is “automatic- 
control,” “servo-mechanism,” “feed- 





back,” “supply and demand,” "cyber- 
netics,” or any other name, he wil 
recognize the same old fundamentals 


and will oe able to proceed accordingly 





r idioactive 


Statistics of emmiussion trom 


solution were necessary for satisfac- 








A New Method of Recording Flight Data 


By HENRY SOSTMAN, Senior Engineer, G. M. Giannini & Co., Inc., Springfield, N. J. 


NSTRUMENTATION for airborne 

use involves fundamental design 

considerations not implicit in 
laboratory or in fixed-location indus- 
trial equipment. Vibration conditions 
are always present. Accelerations of 
the order of 10 G in any direction may 
be encountered in piloted craft and 
may run much higher in pilotless planes 
and missiles where human toleration 
of acceleration is not a limit. Ambient 
temperatures from —76 to +149 F. and 
pressures from sea-level to 40,000 feet 
and higher are standard specifications, 
and transit time from one to the other 
extreme may be very brief. Measure- 
ment is required to a good degree of 
accuracy over the full range of any one 
phenomenon while the instrument re- 
insensitive to all the other con- 
litions of its operational environment. 
Restrictions which do not apply to func- 
tion and yet which influence design are 
size and weight, which must 
be held to a drastic minimum, and 
limited power supply—commonly direct 
current. 

The past thirty years have seen the 
challenge of these rigorous conditions 
met with many rugged and accurate 
instruments capable of transmitting as 
electrical signals representations of 
flight phenomena: airspeed, pressure, 
altitude, acceleration, vibration, pitch, 
yaw, and others. The actuated members 
of these transmitters include voltage 
dividers, servomechanisms, variable in- 
ductors, ete. 

The new method here disclosed was 
designed to provide a means of record- 
ing the output of these widely diverse 
transmitters with an accuracy commen- 
surate to that of the signal. Require- 
ments survey indicated the need for 
(1) multiple channels; (2) direct input 
without amplifiers; (3) several chart 
speeds; (4) continuous, separate and 
immediately readable traces; (5) small 
size and light weight; and (6) sturdi- 
ness in keeping with hard usage. 
Furthermore, (7) it considered 
desHrable to make the embodiments 
of the new method suitable for use 
vith 28-volt d-c., 115-volt 60-cycle, and 
15-volt 400-cycle a-c. power supplies. 

D’Arsonval galvanometers were 


mains 


those of 


was 


chosen as the stylus-driving elements, 
since they were felt to give most satis- 


factory sensitivity and response for 
their weight and input power. Perma- 
nent magnet structure was automati- 


cally indicated, for the power demand 
of multiple field coils would be 
sive. The magnetic structure was de- 
signed as a flat rectangle to facilitate 
stacking units side-by-side in 
limited space (see Fig. 1). The use of 
Alnice VI for core as well as pole pieces 
provides the high gap flux density of 45 
kilomaxwells. The moving coil, of Form- 
Var-covered copper wire, is supported 
n pivots running in jewelled bearings, 
of these pivots is attached 


exces- 


several 


and to one 


the stylus structure, consisting of two 
parallel arms of small-bore nickel tub- 
ing, flattened in the plane of the paper 
to provide vertical compliance and 
lateral stability. The moving element 
is completely balanced: there is no 
change in trace amplitude when the 
recorder is rotated through 360 degrees 
in any plane. 

Galvanometer damping is a compound 
function. Magnetic damping is pro- 
vided by winding the coil on a thin 


constants depend upon transmitte: 


well as recorder circuits. Calibra 
of the recorder in terms of a g 
input circuit is both necessary 
simple. 

Extensive preliminary studies 
writing media showed forcefully 


need of a new approach to the ma 
of drawing a line. 
Ink, the time-honored 
recording, is not at home in aircraft; it fre 
froths at high altit 
accelerations of mane 


medium of indus 


at low temperatures, 


spatte inder the 





Fig. 1. 


Experimental but highly-developed embodiment of the new recording method 


Cover and galvanometer hood removed to show the four galvanometer arms. 


copper bobbin which is in effect a sing 
turn of low resistance, and 
further damping is represented by the 
frictional impedance of the stylus tip 
upon the chart paper. The motor struc- 
ture produces enough torque to permit 
the use of very heavy restraining hair- 
springs, which establish a natural fre- 
quency above the range of almost all 
aircraft signals. To answer the need 
for several channel widths, three sep- 
arate galvanometers were designed, 
with full-scale sweep of 0.75, 1.50 and 
3.00 inch double amplitude for equiva- 
lent signal input. Fundamental char- 
acteristics of these galvanometers are 
given in Table I. Details shown as 
approximate are so listed because their 


shorted 


blots in excessive humidity, washes away 


ubmersior Inked pens require frequent 


tenance 


Colored papers coated with a thin skir 
wax which is cut through by abrasior r 
offer analog difficulties in use: wax is gur 
at high temperatures and brittle at low 

Charts surfaced with plastic and marked 
heat were found to give an excellent tract 
the line was obliterated by even moderate 
dling 

Paper sensitive to the passage of an elec 
current wa found to represent a fire ha 
and, at the light pen pressures necessary 
good transient response, carbonaceous mate 
from the paper collected on the stylus and 
not rubbed off 

Film was given no consideration ince 


important object was to provide an 
readabie trace that would not require the 
of processing, and possible repetition of co 


test flights 


rABLE I.—CHARACTERISTICS 


Number 


Trace double amplitude, inches 

Trace deflection, plus-or-minus inches 

Trace width, approximate inches 

Trace resolution, approximate inches 

Current, approximate maximum milliamperes 

Ceil resistance, approximate ohms 

Natural frequency, cps. 

Response: flat within 1 percent to cps. 
flat within 10 percent to cps. 

Phase shift per cps., degrees 

Motor structure torque, inch-pounds-radian 


A2022 A2041 A204 
0.75 1.50 3.00 
0.375 0.75 1.50 
0.008 0.008 0.005 
6.003 0.003 0.00 
10 10 10 
160 200 240 
25 18 16 
2 bel & 
18 12 12 
3.2 4.6 1.8 
0.15 0.09 0.075 
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The answer was found in a chart 
paper now called Thermaline, treated 
with a coating of a white oxide that 
reduces to a black oxide at a trigger 
temperature of approximately 400 F. 
The resulting trace (see Fig. 2) is a 
fine black line as permanent as the 
basie paper stock. The record is com- 
pletely unaffected by handling, and will 
withstand weeks of immersion in salt 
The writing stylus is a small 


water. 





ratchet cut in the drive shaft. The 
remaining gears are thus free to float 
upon the shaft. Standard gear ratios 
drive the paper at speeds of 0.2, 1.0 
and 5.0 inches per second, driving the 
250 feet of chart in 4 hours, % hour 
and 8 minutes respectively; but the ar- 
rangement is flexible enough to permit 
the incorporation of almost any group 
of three speeds. Shifting can be done 
while the recorder is in full operation. 
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Fig. 2. The four inkless records are immediately legible without developing. The 
thermosensitive paper withstands tropical heat without discoloration because the white 


oxide does not turn black below about 400 F. 


Fig. 3. Enlarged view shows sapphire cone 
bronze shank around which is 
wound heating coil. Leads welded into 
tube assembly support the stylus. Outside 
diameter of the coil is 0.062. inch. 


spun into 


sharp cone of sapphire suspended in a 
niature heating coil, the leads to 
which are welded into the supporting 
Through these, and through the 
heavy restraining hairsprings, heating 
rent is passed to the tip coil. The 
assembly (Fig. 3) weighs less than 
1) milligrams, and has a paper contact 
a of approximately three millionths 

1 square inch. 
‘ecorder chart drive is accomplished 
a small gear-head motor, stabilized 
he d-c. model by a Lee type governor, 
I motor shaft works into three par- 
illel gearsets of different ratio, which 
n turn drive the metering roller. Each 
the parallel driven gears contains 
pring-loaded pawl in its hub. To 
ct a chart speed the drive shaft, 
ch terminates in a knob, is pulled 
or pushed in to a pesition estab- 
ed by detents, and the pawl of the 
ected driven gear narrow 


irms. 


engages a 
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Fig. 4. A recommended input circuit for 
a voltage-divider transmitter is this Wheat- 
stone bridge arrangement. A rheostat may 
be inserted at X to calibrate, or an Amperite 
regulator to stabilize voltage. 


4 warning light is provided to signal 
the approach of the end of a roll of 
chart, and an automatic switch stops 
the recorder when the paper supply is 
exhausted. To preclude the chance of 
a hot stylus standing upon stationary 
paper, the operational switching ar- 
rangement of the instrument is so de- 
signed that motor and stylus circuits 
are interlocked. Throwing either of the 
two switches on the terminal board to 
the “on” position starts the chart drive, 
and switching the second to “on” closes 
the stylus heater circuit. Throwing 
either to the “off’’ position opens the 
stylus circuit, and switching the other 


to “off” stops the drive motor. In 
addition, the heater circuit contains 
a balancing element to prevent over- 
heating from sudden increases in line 
voltage. 

The use of a d-c. motor in the chart- 
drive train posed two problems whose 


solution were necessary for satisfac- 
tory performance. The governed motor 
speed is constant with reasonable volt- 
age fluctuation to plus-or-minus 2 per- 
cent, and if the time-axis of the record 
were defined by chart speed, its ac- 
curacy would be accordingly limited. 
Nor could several recorders (to pro- 
vide a large number of simultaneous 
channels) be synchronized to better 
than these tolerances. A marking sty- 
lus was incorporated in the galvanom- 
eter bank; a stylus structure similar 
to the galvanometer writing member, 
but actuated through an amplitude of 
approximately 0.05 inch by a solenoid, 
to write a time or other on-off trace 
cown one margin of the chart. An 
external time-pulse generator contain- 
ing an escapement-controlled d-c. motor 
capable of 0.1 percent accuracy drives 
a keying arrangement controlling the 
power to the marker stylus solenoid. 
To write a record which can read 
at a glance, the time pulse generator 
produces “on” switching at the rate of 
five pulses per second for one second, 
then “off” switching at the same rate 
for the same period, and every twenty 
seconds a continuous unpulsed line for 
one second. The time pulse generator 
may be employed to key the internal 
marker styli of any number of separate 
recorders, permitting accurate synchro- 
nization of many channels. The marker 


be 


stylus may of course be keyed from 
any other switching source. 
The d’Arsonval galvanometer, per- 


haps the fundamental electromechanical 
movement, capable of circuit ar- 
rangement to register the value of al- 
any electrical parameter. It 

anticipated that the new method will 
find its most usual use with voltage- 
divider type transmitters. These trans- 


is 


1s 


most 


mitters, being compact and_ reliable 
ensing elements, lend themselves to 
a great diversity of measurement. The 


signal output of a voltage-divider is 
a change in resistance ratio, and when 
the voltage-divider Wired as 
half of a Wheatstone bridge with the 
recording galvanometer in the sensing 
arm (as shown in the circuit diagram, 
Fig. 4) measurements of a good order 
of accuracy are possible. Selsyns, Auto- 
syns, and similar position-transmitting 
devices show change in voltage between 
any taps when their shafts 
rotated. Directly in the of 
servos and through dry-disk rectifiers 
for instruments, the galavanometer 
in with a suitable limiting 
sistance will show these position indi- 
cations as a record of voltage change. 


is 


one 


two are 


case d-« 
a-C. 


series re- 


The galvanometers can be used with 
low-output transmitters such as 
thermocouples and strain gages with 


a stage of amplification before the re- 
corder. 

In summary, 
been designed to write 
readable and relatively indestructible 
trace representing alriost any or 
low-frequency signal, and to maintain 
accuracy under the stringent 
tions of flight. Primarily intended for 
service, it should find 
fields. 


method has 
an instantly 


the new 


d-c. 


condl- 


aircrait applica 


tion as well in other 
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Some Application Factors Affecting the 
Regulation of pH zm Industry 


By ALLEN L. CHAPLIN, Consulting Engineer 


IX. THE REAGENT FEED DEVICE Valve characteristics have an important bearing on qu: 

ity of control and it is usually customary to use char: 

terized plug valves of the double-seated type, havi 

V-port or equal-percentage characteristics with a tu 

down of at least 10 and preferably 50. Single-seated val 

are preferred for tight shut-off, while the double seat wide 

the effective throttling range. Special valves are fabr’- 
cated from alloy metals, plastics, hard rubber, ceram 

and other materials for handling corrosive reagents. 
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In general, reagent should be added at a point where 
t will be uniformly distributed throughout the process 
liquor in the shortest time possible. If a control tank is 
nvolved, there will be less effective short-circuiting in 
the system by addition of reagent to the inlet liquor 
pipe with thorough agitation before it enters the tank 
f 79). Piping connections from the reagent valve 








} —— feagent should not be 
hy we odded to surface when 


wfluent is submerged — 
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GOOD_ <>» PRACTICE 














f reagent should be Fi 80. Ove-sized reagent transfer lines having low transfer 
| added directly to } i not be terminated deeply beneath tank liquid level. Diffusi 


} 


| : 
1a} Pine: When sake may cause unsteady control, particularly if densities differ widely 


is submerged 
=, 

Valve positioners are essential on all pH control 
especially when handling concentrated reagents 
process having high buffer index. It is desirable 
the valve to move to its new position as quickly as 

UNIFORM RESIDENCE sible (theoretically instantaneously), and _ hysteresis 
Reagent should be added directly to submerged influer f tight packing without a positioner may delay its acti 
jence. Introduction of reagent to surface of tank having to Electric valve drives have the advantage of full powe 

eee application to the point of balance while air-operaté 
units provide fast response with simplified construction. 
ana ; Reagent must be supplied to the valve under greate 
possible to avoid diffusion errors, A long discharge line pressure than the process pressure. In many cases this 
from the valve to a point beneath the process liquor level. Si accomplished by gravity feed from a small reagent 


as illustrated in Fig. 80, is be avoided since diffusion : ‘ 
G lustrates _ i Saale Pie: Saree a sag diff % head tank installed above the valve which, in turn, ma 
ors result from differing densities of the two liquids, 


; ; be fed by a pump which circulates reagent from a make- 
especially at throttled valve positions. j up storage tank through an overflow loop as_ indicate 
In some cases it is ey install the valve at in Fig. 82. If large volumes of reagent are used, tl 
me horizontal distance from the point of reagent addi- ‘ a are 
tion as illustrated in Fig. 81. To avoid transfer lags in 
this type of installation, the discharge line should be ter- 
i in a “gooseneck” having a breather connection 
as shown. This retains a full head of liquid in the line 











point of contact with process liquor must be short as 





ail times which responds instantly to changes in valve 
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simple....powerful....utterly reliable 


HAYS-PENN flow meter 


the 








measuring 
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TRANSMITTER 
AUXILIARY MOTOR +t), of the 


CALIBRATED CAM operating 
work 
Why does the Hays-Penn Flow 


Meter stay accurate and Jast longer? Simply 
because the friction-free transmitter serves only as a 





pilot—actuates an external powerful auxiliary 
motor which does the work of indicating, 
integrating and recording. 


Friction is eliminated in the manometer — the 
float rests on the surface of mercury in the 
high pressure leg, positioning the magnetic 





core between two reactance coils. 
There are no stuffing boxes, 

no bearings, no electric 

contacts, no solenoid reaction. 


THE HAYS CORPORATION 
Michigan City 8, Indiana 





For fuli details on Hays- 


Penn Flow Meters, for a 
every mefering need, . al 2 Pf] RAT| (] N 


send for Publication 
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The Month’s NEW INSTRUMENTY 


In this department we report each month new devices for measurement. inspection, 
testing, metering and automatic control — in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 99 










Thermoelectric and ments; and “DD-6" and “DD-7" six- Pocket-microscope 
Res: T inch rectangular surface- and _ flush- 1 : 
esistance emperature mounted instruments.—Meter & In- Illuminator 
Indicators strument Div., General Electric Co., New illuminator for use with maker's 





Schenectady 5, N. Y. 
New line of temperature indicators Mention No. 101 when filling out card. 
for industrial and laboratory use in- - —___—_______ 
cludes cold-end-compensated thermo- 
couple thermometers (up to 3000 F.) 





S-129 pocket microscope, using a stand- 
ard-size flashlight battery and bulb, 
directs an oblique beam of light on ob- 
served surface, furnishing illumination 








Miniature Thermostat 
New miniature thermostat is com- 
pact; housing measures 1 by 0.31 by 
0.25 in. overall, totally enclosed with 
wire-clinch terminal lugs. Capacity 
















Actual 








and resistance (up to 300 F.) Ther- 
mocouple instrument is available in . , = 
two sizes: “Type DO-71” with a 3.5- 18 100 watts ac. at 115 volts with n-o or 


inch flange and “DW-71” with a 2.5- 
inch flange. Both types can be sup- 
plied in either square or round molded 


n-c electrolytic-silver contacts. Adjust- 
ments from 0 to 400 F. are made by a 
single adjusting screw. Weight, 0.1 oz. 











Ulanet Co. 410 Market 







Textolite cases. Resistance instru- —George St., 
ments are available in two standard Newark 5, N. J. 
types: “DB-15” long-scale  instru- Mention No. 102 when filling out card. 












of uniform intensity throughout field. 










Combustion Apparatus It is attached by means of a spring 
: . : as ‘ clip and can be removed instantly. 
New combustion apparatus, work- C. with power of 600 watts—E. H. Buhl Optical Co., Desk T-115, 1009 
ing with radiant transmission, heats Sargent & Co., 4647 W. Foster Ave., Peech Ave.. Pittsburgh 12, Pa. 
from room temperature to 700 C. in Chicago 30, I/II. it 







I ‘ ri e I Mention No. 104 when filling out card. 
7 min., and from 750 C. back down in : 

10 min. A two-speed drive and pro- 
gramming control provide four differ- 
ent 3-phase programs, 02 two-phase or 
single-phase as selected. One sample 
may be burning while other is in prep- 
aration. Long furnace length is 7 in., 
and moving furnace 2 in. Combustion 
tube up to 14 mm. accommo- 
dated. Max. temperature is over 850 


Mention No. 103 when filling out card. 









Automatic Controller for 
Proportioning Pumps 
New “Auto-Pneu-Matic” control sys 
tem for proportioning pumps provides 
automatic volume change from zer 
to full displacement in response to in- 
































0.d. 18 


pressure change. Unit 
available for use with all models o 
maker’s proportioning pumps. and 
suitable for use with all commercia 
pneumatic Systems Process Equip 
ment Div., Lapp Insulator Co., Ine 
LeRoy, N. Y. 


Mention No. 105 
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Illuminated Dial Gage 


New pressure gage has dial lighted 
with “black light” that glows in the 
dark. Case 
mounting. Dials 


flush 
back- 


is square and for 
have a_ black 








ground with  ultraviolet-phosphores- 
cent pointer, numerals and gradua- 
tions, or plain white illumination may 
be supplied. Dimensions and features 
are maker’s standard.—Helicoid Gage 
Div., American Chain & Cable Co., Ine.. 
PB idge port 2, Conn. 

Mention No. 106 when filling out card. 


Manostat 


New model of maker’s manostat, 
based on Cartesian Diver principle 
(see Instruments, Nov. 1947, page 
1032), is designed for pressure and 





uum control; will maintain vacuum 
etting even after shutting down sys- 
m. Available in all-stainless or stain- 
ess with  plastic-body tube.— Emil 
emer Co., 20-26 N. Moore St., Neu 
York, N. Y. 


Mention No. 107 when filling out card. 


Illumination Recorder 


New illumination recorder covers a 
nge of 0 to 10,000 foot-candles with 
approximately logarithmic — seale. 
otocell is mounted remotely from 
corder. Instrument was developed 
U. S. Weather Bureau for record- 
g daylight and is built around stand- 
d components, modified to suit meas- 
ement. For operation on 115 v. 60 
s—Henry A. Gardner Laboratory 
¢., 4723 Elm St., Bethesda 14, Md. 


fention No. 108 when filling out card. 


Sulphur Dioxide Recorder 


New “Thomas Autometer” continu- 
ously records actual concentration of 
sulphur dioxide in parts per million; 
records average concentration inte- 
grated over a half-hour period; auto- 
























matically checks its zero reading every 
thirty minutes; marks off each cubic 
foot of air sampled. Usual range, 0-5 


ppm., covers concentrations of inter- 
est in pollution surveys.—Leeds & 
Vorthrup Co., 4934 Stenton Ave., Phila- 


delphia 44, Pa. 


Mention No. 109 when filling out card. 


Displacement-type 
Liquid-level Controller 


New displacement-type liquid-level 
controller is said to control liquid 
level more precisely by balancing 
changes in buoyancy of an immersed 
tube with an air-pressure-loaded bel 
lows and by transmitting this pressure 
to a remotely-located indicating or re- 
cording controller... New device, utiliz- 
ing a forced-balanced system, is said 
to be particularly adaptable for petro- 
leum and chemical processing.—Pe/ 
field Valve Div.. Minneapols-Honey 
well Re gulator Co., Broad & Hamiltoi 
Sts., Philadelphia 44, Pa, 


Mention No. 110 when filling out card 


Vacuum Gage 


New vacuum gage for rang 1 to 
1000 microns uses a noble-metail the 
mopile and a bridge circuit. Gage con- 
ists of an electrical indicator and a 












small pickup which screws into a 0.125 
in. tapped hole in vacuum system. Fast 
response, interchangeability of pick-ups 
without recalibration, freedom from 
outgassing and corrosion, and freedom 
from damage by exposure to atmos- 
pheric pressure are features. Calibra- 
tion is not affected by connecting cable 
length.—Hastings Instrument Co., Inc., 
Box 1275, Hampton, Va. 


Mention No. 111 when filling out card. 


Input Control Unit for 
Temperature-control Systems 

New “Xactline” 
with any standard 
pyrometer 
temperature 


control unit is used 
type or make of 
unusually 

control. 


controller for 
variation 


close 





Unit has kept temperature variation 
as low as 0.2 F. and power on-off cy 
cles as short as three seconds. Case 
is 8.5 in. high by 6.25 in. wide by 3 
in. deep.—Claud S. Gordon Co., 3000 
S. Wallace St., Chicago 16, I/l 


Mention No. 112 when filling out card. 


Temperature Controller 


New “No. 077” temperature con- 
troller for industrial applications is 
said to be sensitive to “temperature 
changes as small as one-tenth of one 
degree.’ Its range is “between 20 de 
below zero and 300 degrees 
It is said to be immune to vi 
bration, dust and dampness. It utilizes 
a wire-wound primary element whicl 
forms one leg of a Wheatstone bridge 
circuit. Unt bridge is im 
posed on an electronic amplifier which 
amplifies and detects direction of un 
balance to actuate eithe of two out 
put relays, according to direction of 
temperature change, and thereby con 
trol a Announcement 
that this principle is being used suc 
cessfully for temperature control or 
trains and street cars.—Prown Instru 
ment Div.., Vinneopolis-H 0 ne ywel 
Regulator Co., 4482 Wague Ave., Ph 


tdelphia 44, Penna 


Mention No. 113 when filling out card 


grees 


above.” 


valance of 


motor. state 


Ultra-microtome 
New ‘‘Pease-Baker” adaptation for 
“Spencer No. 820 Microtome” equip 
ment makes it possible to cut speci 


mens thin enough for electron micro 
penetrate. Method consists 
of doubly embedding tissue in celloidin 
and paraffin. After cutting, minute 
picked up and placed on 


a microscope slide using needles or a 
; 


scope to 


sections are 


fine brush under a low-power binocu 





1! 


























lar microscope. Paraffin, and when de- 
sirable the celloidin, is then removed 
and specimen made ready for micro- 
scope. Sections one-127,000th in. or 
are produced.—American Optical 
Southbridge, Mass. 

Mention No. 114 when filling out card. 


less 
Co., 


Programming Control 
for Burners 
New “Type 24PJ8” programming 
control automatically starts burner in 
operation and programs sequence of 
fuel-valve opening, post-ignition tim- 
ing, priming, and scavenging. Load 





ratings sSurner motor, 1 hp.;_ pilot 
duty, 125 va.; Ignition, 250 va.: Fuel- 
valve solenoid, 100 va.; Gas-pilot valve 
solenoid, 25 va. Seavenging period, 23 
sec. Ambient temp., 32 to 125 F. 
Combustion Control Corp., 77 Broad 
rau. Can bridge 12, Mass. 
Mention No. 115 when filling out card. 
Sound Probe 
New sound probe localizes sound 
electronically, bringing it to a focal 
point, so it may be traced to its source. 
Probe brings out a natural reproduc- 


greatly amplified and 


noise, 





without distortion. 
bearing 


\ particular nois¢ 
be indenti- 


n a motor o1 may be 


fied because all foreign or built-up 
ds are absent. Probe is said to be 
sensitive that tick of the finest 
watel clea and distinet.—Conio 
Tex ( 128 W. Lake St., Chicago 1, 
Mention No. 116 when filling out card. 


Thermoscopic Pellets, 
Crayons and Paints 


New ratings of maker’s “Tempil 
pellets indicate 2100, 2200, 2300, 2400 
and 2500 F. New ratings of maker’s 
“Tempilstiks” (crayons) are available 
in corresponding intervals up to 2000 
F. “Tempilag” paint is available in 
similar steps to 1600 F.—Tempil 
Corp., 132 W. 22nd. St., New York 11, 
he #8 


Mention No. 117 when filling out card. 


Hydraulic Crane Scales 
New 


lustrume nts, 


vide 8, 


scales described in 
*49, page 147, pro- 
30 in. dia. dials in 


models of 
Feb. 
12, 24 and 








- - 
“ 
] 
—_ ; 
¢ 
f 
F | versive 
} satan e 
jr 
a 
' 746 


varying capacities 
Hudra cay 


up to 25 tons. 


Scales Inc., 20624 W. 8 


Milk Road, Detroit 19, Mich. 
Mention No. 118 when filling out card. 
Thermostats 


New “Type R” thermostats are fur- 
nished in two basic types: manually 
adjustable, or preset non-adjustable. 
Both types are available with a wide 
variety of terminal arrangements and 
in many operating ranges up to a 


641 





600 F., 


maximum of Electrically inde- 
pendent bimetal strip eliminates ar- 
ficial eyeling and unit responds only 
to temperature changes in controlled 
air surrounding thermostat. 

precalibrated before ship- 
pots simulating actual serv- 
‘ Mig. Co., I 


device ol 
Units are 
ment in 
1ct Cu 
Vausteld, Ohio 
Mention No. 119 


nditions.—sSte 


when filling out card 





Combustion Furnace 


New combustion furnace, equipp 
with a quick-opening and closing 2 
flecting shell, permits tube filling 
cool while furnace remains in pla 





Helical chromel-wire element operates 
at temperature near that of tube fil 
ing. Max. temperature is 850 C. 
300 watts. Max. tube dia. is 14 mn 
Furnace height is 9.5 in.; length 
panel is 12 in.; case height is 6.63 i 
and weight is 21.5 lbs.—E. H. Sargent 
& Co., 4647 W. Foster Ave., Chicag 
30, J//. 

Mention No. 120 when filling out card 


Laboratory Furnace 


New “Models VH-48 and VK-48 
furnaces are 10 by 8 by 18 in. and 
made for temperatures up to 1850 f 
First model permits manual setting 
of power input at any point from 5t 


100 percent of full rating. Operating 
with a control pyrometer, both hig 
and low temperatures may be held at 


Second model is designe 
for controlling pyrometer operatio: 
but without auxiliary control equij 
ment.—Cooley Electric Mfg. Corp., 3% 
South Shelby St., Indianapolis, Ind 

No. 121 


close limits. 


Mention when filling out card 


Laboratory Water Baths 


New “Items V-O, V-4, and V-4 
constant-temperature baths are de 
signed for a variety of applications 
“Item V-O” jis aquarium type 18 
9.5 by 12.5 in., 8 gallons capacity wit 


=~ 





thermoregulator, hea 


t 
tube. “Item V- 


struction 


coolant 








specially 


type” v 


capacity 6 gallons, and is 
“No. 4 Ford 
‘Item V-5” is 
general use Fle 


4723 Elm St., B 


signed to hold 


cosity cups. 


designed for 


Lab., 1 


Garde 
esda, Md 


Mention No. 122 when filling out card 
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Laboratory Water Bath 


New water bath, 15 in. diameter by 
7 in. high, has a Monel exterior and 
ined-copper interior. It employs two 
mersion-type heaters, either or both 





which can be used. Concentric rings 
foy various sizes of flasks and a test- 
tube holder for up to 14 tubes are pro- 
ded. A_ bottle-feed device prevents 
ath from boiling dry for as long 
as 10 hours on low heat and 4 to 5 
hours on high heat. Weight, 24 Ibs. 
Kieher Scientific Co., 717 Ferbes St., 
‘ittsburgh 19, Pa. 


Mention No. 123 when filling out card. 


Laboratory Hot-plate 


New “Temco” laboratory hot plate 
s available in 12 by 12 and 12 by 
24 in. sizes. Temperatures can_ be 
aintained within close limits over 
ange 140 to 850 F. and elements are 
‘ flat type which prevent cold spots. 


For 115 or 230 volt operation. Fisher 
Scientific Co., 717 Forbes St., Pitts- 


gh 19. Penna. 


Mention No. 124 when filling out card. 


Moisture Tester for Lumber 


New “Model DC-2” instrument fo1 
sting moisture content in’ lumber 
microammeter with dual 
anges from 6 to 28 percent and from 





11ZeS a 





¥ percent to give accuracy, par- 
ilarly in the low ranges. Instrument 
ploys megohm bridge and null prin- 
le. Temperature-correction tables 

furnished, permitting readings 
m 40 to 240 F. Weight is 5 pounds 
nensions 10 by 6 by 4 ir Moisture 
gister Co., 1838 Ne Garteld Ave., 
han bra, Calif. 


fention No, 125 when filling out card 


Voltage Regulator Solenoid Starters 


New “Type ML-8” voltage regulato: New “Sizes 6 and 7” of “Bulletin 
supersedes “Type ML-4” step voltage 709" a-c. across-the-line solenoid 
regulator. It provides a total of 10 per- starters have ratings in “Size 6” of 
cent regulation in eight 1.25-percent 600 amp. and 200 hp. at 220 v., or 400 
steps, in any of the following combi- hp. at 440-550 v., and in “Size 7” of 





00 amp. and 300 hp. at 220 v., or 600 
hp. at 440-550 v. Both models are 
lower, smaller than conventional — starters, 
5 raise to 5 lower, 2.5 raise to 7.5 low- steel cabinet requiring only 58  per- 
er or 10 percent lower. Unit is avail- cent of usual floor space.—Allen-Brad- 
able in selected kva sizes in 2500; 5000; ey Co., Milwaukee, Wis. 
and 7620-volt ratings and correspond- 
ing Y-connected voltages and permits 
increase in current-carrying capacity 
up to 160 percent for connection ar- 
rangement of 5 percent raise to 5 pe. 
cent lower. General Electric C0., New 
Schene ctady, N Y. 





10 raise, 7.5 raise to 2.5 


) 
‘ 


nations: 


Mention No. 128 when filling out card. 


Motor Starter 


cireuit-breakel type 

mn starter 1s designed for control of 
polyphase motors, 1 to 100 h. p. In- 
prevents 1 


opening door wher 


“on”, although an author- 


combina- 


Mention No. 126 when filling out card 

Terloeth 

es ©) is 

Resistance Welding 
Controllers 

all-electronic high-speed 
resistance welding control equipments, 
for synchronous and non-synchronous 
operation, have no moving parts in 
power and control circuits except ini- 
tiation and solenoid relays. Basic con- 
trol panel consists of plug-in Rectoy 


Two new 





release interlock fo 
Self-aligning handle ndi 
cates true position of breaker. Operat- 


Zea person can 


nspection. 


ing handle can be locked “on” or “off” | 
with padlocks of varying sizes. Ther- 

mal (coilless) magnetic circuit 

breaker is non-tamperable and can bh 

quickly reset. Industria Controlle 

D Square D Ce 1041 N. Richard 
St... Milwaukee 12, Wis 





Mention No. 129 when filling out card 





rectifier tube firing panel (for non- ‘ i 
synenronous wer pe a heat-contro Magnetic Amplifier 
firing panel (for synchronous units) ; New “Type 63-1” d.c. to d.c. mag 
also sequence weld timer which controls netic amplifier (deve loped in Londor 
squeeze time, weld time, hold time, vy Electro Methods Ltd.) has a gair 
and off time fol a single impulse spot ¢onstant within 2 percent with a 10 
welding. Substitution of a precision percent change in line voltage, and a 
weld-time panel for a sequence weld ero drift over several weeks wit} 
timer provides synchronous precisior 90 microvolts referred to input te) 
control whe heat control pane nals. Max power gair ig. 14,000 
used Auxiliary conti pane are Ite gain 27, and transconductance 
available fo. ning different purpose 5 lion micromhos with load resist 





West nghouse Electric ¢ P.O. 


‘ ance of 3 ohms. Ma output irrent 
RGR, Pittsbu gh 30, Pa 00 ma. Amplifie make ata ' 
Mention No. 127 when filling out card standard indicating o1 ¢ 











ing milliammeters with thermocouples 
or thermopiles. Reliability makes unit 
suitable where vacuum-tube amplifiers 
would be questioned.—Trans-Sonics, 
Inc., Bedford Airport, Bedford, Mass. 
Mention No. 130 when filling out card. 


Oven-temperature Tester 


New oven-temperature tester con- 
sists of a 3.5 in. square-flange milli- 


voltmeter mounted in a_ leatherette- 
covered case with a compartment for 
storing thermocouple leads and as- 





sembly. Leads are of color-coded iron- 
constantan wire, five feet long. Welded 
junction is surrounded by a radiation 
shield. A spring clip is attached for 
clamping thermocouple to oven grill. 
Instrument has a scale range of 0 to 
650 F. and a seale length of 2.46 in. 
Accuracy at any set point is plus o1 
minus 2.5 percent of full-scale value. 


Meter and Instrument Divs., General 
Electric Co.. Sche ne ctady 5, N. y. 
Mention No. 131 when filling out card. 


Magnetic Micrometer 


New “Magnifying Micrometer” will 
measure coating thickness if either 
base or coat is magnetic, or if both are 
magnetic but of different permeability. 
A micromete? tension 


indicates neces- 





Instruments 


> 
ape 


44 


sary to separate a small built-in mag- 
net from surface. Accuracy is within 
10 percent for coatings thicker than 
0.001 in. Calibration gages are avail- 
able in non-magnetic coating on mag- 
netic base for thicknesses from 0 to 0.08 
in., and in nickel on steel or brass, 0 


to 0.005 in.—Krouse Testing Machine 
Co., 573 E. Eleventh Ave., Columbus 


3, Ohio. 


Mention No. 132 when filling out card. 


Inspection Lamp 
New 


“Eder-Lite” miniature inspec- 
tion lamp for hard-to-get-at places 
has a 110-120 volt transformer used 


as a handle w:th a built-in switch. for 


intermediate and constant inspection. 
Maximum diameter of flexible exten- 
sion bu'b is 0.28 in. Extensions are 


available in lengths of 4 to 36 inches, 





insulated for inspection of or between 


electrical wirings. Light bulbs are 
available in metal mounts for a for- 
ward glare-free and concentrated il- 
lumination or an exposed bulb for 
forward and side illumination.—Ede) 
Instrument Co., 1849 N. Halsted St., 
( hicago 14, Ill. 

Mention No. 133 when filling out card. 


Surface Plate with Inspection 
Microscope and Illuminators 


New illuminated layout plate with 
16 power microscope for parts to be 
minutely examined inspected fea- 
tures ribbed cast-iron layout plate pre- 
cision ground to 0.0005 in. of true flat- 


ol 





=} 


ness. Microscope can be adjusted ver- 
tically and horizontally. Two lamps 
mounted on flexible tubing can be spot- 
ted on work being inspected. Micro- 
scope is 1.25 in. dia., 9.5 in. long. Eye 
piece and objective are achromatic 
coated lenses.—All American Tool & 
Mfg. Co., 1014 W. Fullerton, Chicago 
14, Jil. 


Mention No. 134 when filling out card. 








Dial Micrometer i 

New hand-model micrometer  h New 
been designed for portability. Dial nch I 
glass covered, 2.75 in. dia., graduat: } fluores 
in thousandths of an inch. Anvil pe - Flexib 


mits calipering of thicknesses up 





one-half inch on sheet stock or fabri- 
cated pieces, and can be supplied in 
several diameters and with flat or 
spherical ends. An external adjust- 
ment is incorporated for maintaining 
dial indicator at exact zero. Lever is 
located for easily raising anvil for in- 





adjust 





sertion of material to be measured. ‘ 
Anvil descends with even pressure, ed badd 
approximately 7 to 9 psi. (TAPPI Mendo 
standard).—E. J. Cady & Co., 134 N. “7 4 
. 7 Mentic 
LaSalle St., Chicago 2, Ill. 
Mention No. 135 when filling out card. 
Air-gaging Spindles Men 
New blade-contact type air spindles guides 
for column and dial type “Precision- model 
aires” enable an instrument-type check fillets 


to be made of practically any hole re- 
gardless of finish, interruptions 


or 








specific 

size. Spindles consist essentially of a cranks 

hardened-steel body slightly smaller has ine 

than minimum hole size, with a hard Indicat 

ened-steel contact blade either pivoted eccent! 

or floating, action of which contro! Inc., f 

tiow of air through jets. Minimum siz« Mentic 
of single-blade spindles starts at ap- 
proximately 0.375 in. dia. Holes hav 
ing a surface finish rougher than 75 
to 100 microinches can be measured 

accurately for out-of-round and tape! - 

as well as for diameter.—Sheffie/ New 

Corp., Dayton 1, Ohio. omer’ 

Mention No. 136 when filling out card. q ce 
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Instrument Oiler Ses 
New “Hypo-Oiler” features visible 
oil reservoir, extra long hypodermic 
type needle for reaching inaccessible 

7 4 

‘ 


parts, and light-film or drop feed de 
pending on pressure used.—Gaunt In 
dustries, 3521 N. Broadway, Chicag: 
13, ll. 
Mention No. 


137 when filling out card. 





























Inspection Magnifier 


New “Magnalite” consists of a 5- 
‘nch lens set in a plastic head with 2 
fuorescent lights built in on underside. 
Flexible-arm mountings permit instant 








adjustment leaving both hands free 
to work. Special machine mounts can 
be made to specifications.—Haas Corp., 
Mendon, Mich. 

Mention No. 138 when filling out card. 


Snap Gage 
New dial-snap gage features radius 
guides adapted to maker’s standard 
model gage for checking parts with 
fillets or close to shoulders. Gage is 





specifically designed for checking 
crankshaft grinding on machine. It 
has indicator graduations of 0.0001 in. 
Indicator may be moved to clear any 
eccentric throw.—Nilsson Gage Co., 
Inc., Poughkeepsie, N.Y. 

Mention No. 139 when filling out card 


Container for 
Liquid Hydrogen 


New container for storage and 
ansport of liquid hydrogen and _ liq- 
d helium is made of three concen- 
ric-copper spheres. Inner and outer 
form a conventional vacuum 
with facing-interior surfaces 


spheres 


flask, 








polished to a mirror-like finish. Be- 
tween them is placed a third sphere, 
highly polished on both sides, which 
acts as a radiation shield. This shield 
is connected to inner sphere of a 
smaller side flask for containing liquid 
nitrogen. Containers are available in 
10, 25 and 50 liter capacities with side 
flasks holding 5, 15 and 25 liters re- 
spectively.— Hofman Laboratories, 


Ine., 212 Wright St., Newark 5, N. J. 


Mention No. 140 when filling out card. 


Calculator for Differential 
Linear Expansions 


New “Thermal Comparator” slide 
rule gives instant reading of difference 
in expansion between gage blocks and 
work at various shop temperatures. 
User sets up gage-block measurement in 











small window and obtains a reading 
that will indicate difference of expan- 
sion or contraction between block and 
work at 68 F. Upper half of instru- 
ment is for use with steel blocks and 
lower with carbide.—The Webber Gage 
Co., 12900 Triskett Road, 
Ohio. 


Mention No. 141 when filling out card. 


Cleveland, 


Cathode-ray Oscilloscopes 


New “Types 304 and 304-H Cathode- 
ray QOscillographs” replace “Type 208- 
B.” Except for higher accelerating 
potential of the “Type 304-H,” types 
are identical. Recurrent and driven 
sweeps are variable from 2 to 30,000 
cps. Slow sweeps, of 10 
more, are available by connection of 
external capacitors between X-input 
terminals on front panel. Vertical de- 
flections may be expanded to four times 
full-screen diameter; horizontal deflec- 
tions to five times full-screen diameter. 
Any portion of a fully-expanded pat- 
tern may be centered on screen. Higher 
accelerating potential of “Type 304-H” 
facilitates use of long-persistence 
screens. Writing rates as high as 2.8 


seconds oO! 


inches per microsecond may be photo- 
graphed using “Type 314-A_ Oscillo- 


graph-record Camera” with f1.5 lens. 
Allen B. Du Mont Laboratories, Inc.. 
1000 Main Avenue, Clifton, N. J 


Mention No. 142 when filling out card 


Cathode-ray Oscilloscope 


New “Type 292” 3 in. cathode-ray 
oscilloscope weighs 21 lbs., and meas- 
ures 10.88 by 8.13 by 11 in. Input sig- 
nals of 0.4 rms volt and 0.56 rms volt 
will produce 1 in. deflection on ver- 
tical and horizontal axes, respectively. 
X-axis and Y-axis amplifiers supply 
respective pairs of defiection plates 
with voltages 180 degrees out of phase. 
Linear time-base generator provides 




























sweep frequencies from 8 to 30,000 eps, 
synchronized with either vertical am- 
plifier or some external source.—In- 
strument Div., Allen B. DuMont Labs., 
Ine. 1000 Main Ave., Clifton, N. J. 


Mention No. 143 when filling out card. 













Four-channel Oscilloscope 


New ‘Model H-43” cathode-ray os- 
cilloscope can indicate as many as 
four variables on a single 5-in. flat- 
face tube; has been designed primarily 
for use with a continuous film type 
of recording camera. Cathode-ray tube 
operates at 4500 volts over-all accele- 
ration. Photographically actinic P11 is 
normally supplied; other phosphors 
such as P5 (very short decay time) or 
P2 (high-voltage actinic) are also 



































595 


available. Separate focus, intensity, 
and positioning controls are provided 
in each of four channels, and position- 
ing in both horizontal and vertical 
directions is possible. Signal am 
plifiers have a frequency range from 
0 to 200 ke. and a gain of about 120. | 
Horizontal deflection can be measured | 

| 

| 


in terms of volts by means of a di- 
rect-reading calibrator. Power-supplies 
are contained in cabinet 
and require a primary supply of 105- 
120 volts, 50-60 cps. Power consump 
tion is 200 watts.—Electronic Tube | 
Corp., 1200 E. Mermaid Lane, Philadel 
phia 18, Pa | 


oscilloscope 


Mention No. 144 when filling out card. 


| 
Five-gun Cathode-ray Tube | 

New “55JG” tube with five inde 
pendent electron guns is added to “H- 
21” two-gun oscilloscope (described in 
our Nov. issue, pages 1021-22) and to 
““H-43” 
ceding 


four-gun oscilloscope (see pre 
item!. Guns are of zero first 
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STANDO Ge 


Elapsed time intervals can be 
measured down to ‘‘ooth second with a 


anode type with separate heater, cat! 
ode, grid, and focussing anode connec- 
tions to 27-pin base. Deflection pilates 


have separate connections to 22-pin 



























































The world’s most accurate (and rugged) time meas- ring gor tube base, ee fron 
: 2 : ’ 5-in. flat-face screen. ndeflected 
uring instrument. Available in 8 models as shown beam from each of guns, which are 
arranged in circle about tube axis 
below: strikes center of screen, which is avail- 
able in standard phosphors.—Ele: 
tronie Tube Corp., 1200 E Merma ‘ 
MODEL READS TOTALIZES ACCURACY Lane, Philadelphia 18, Pa. 
hs | Mention No. 145 when filling out card 
$-100 1/5 sec. 6000 sec. = .1 sec. a6 
; Oscill i 
$-60 1/5 sec. 60 min. i 1 sec. we Carriage me! 
New “Type R-500 Scope-Mobilk ase 
SM-60 1/100 min. 60 min. + .002 min. provides a sturdy yet mobile support ree-] 
for oscilloscope, with 20-degree tilt — 
$-10 1/10 sec. 1000 sec. + .02 sec. back. A blank panel, 11 x 15 in., fror + a . 
$-6 1/1000 min. 10 min. + .0002 min. 2 hs 
. » 
S-1 1/100 sec. 60 sec. + .01 sec. Menti 
MST 1/1000 sec. .360 sec. + .001 sec. 
MST-500 1/1000 sec. 30 sec + .002 sec. 
Ne \ 
Manually and Electrically Operated Portable Cases or Panel vid 
Mounting optional changes to conform to customers’ require- ve 
10 om 
\ ments. | “+ 
. e ° 
Special Timing Problem. Our engineers are ready to 
consult with you, and design timers to meet special timing ing a mounting space of approx. 
roblems. cu. ft., allows for auxiliary  built- 
P equipment. This space is ventilated | 
OTHER PRODUCTS louvres. A power input connector at 
three convenience outlets are locate 
7 at bacl \ felt-lined drawer provide 
Standard Chrono-Tachometers, Custom-built Laboratory Test handy storage of cords, probes, too 
and Distribution Panels, School Time Program Systems, Hos- etc. gg eS to ‘u x 24 au toppr 
. . Wit! Da esnip Inoleum, ekTron 
pital Doctor Paging and Nurse Call Systems. Ine., 712 S. E. Hawthorne Blvd, Port 
and 12, Ore 
WRITE FOR BULLETIN NO. 153 Mention No. 146 when filling out card 
sTANDARD Megohmmeter a 
New “Model 29” megohmmete ; ical 
imported from England, covers tl! te 
range 0.3 to 20 million megohms in eno 
e decade ranges. Test voltages of 85 ar _ 
500 d.c. are provided with short-c! me 
93 LOGAN STREET SPRINGFIELD, MASSACHUSETTS 
P’. 16—Instruments—Vol, 23 








jigs, etc.; two widely separated p sh Fe jermeti 

buttons that must be depressed to me n. PF es ials ¢ 

3 tain high voltage continuously en :. FB .h:elded 
| gized. For 117 volts, 50-60 eps., 225 vi it. Be eale ar 

| amps. Ripple is less than one perce it special 





| —Beta Electric Corp., 1762 T/ an geil: 











amps. 





formers. 


iit currents limited to 5 and 2.5 ma. 
spectively. A 6 in. mirror-scale gal- 
inometer serves: as indicator. Charg- 
g delay is about 1.5 sec. Power con- 
imption is about 35 watts on 115 or 
0 v. 60 eps. line—Herman H. Sticht 
»., Inc., 27 Park Pl., New York, N. Y. 


Mention No. 147 when filling out card. 


Industrial Electrical 
Analyzer 


New “Model 247” portable analyzer 
vasures electrical input to industrial 
ade. Ranges are: volts 150-300-600; 
5-25-125; and single-phase kw. 
with basic range of 0.6 up to 

Amps and kw. may 
current trans- 


anges 


ax. of 60 in steps. 
extended with 5 amp. 


be used on single- 
ase 2 and 3 wire, two-phase, and 
ree-phase 3 and 4 wire systems. Ac- 
volt and ammeter is 1 per- 
wattmeter is 1.5 percent. 
nit weight is 13.5 lb.; leads and case 

9 \lb.—IJnstrument Laboratories, 


15 W. Walton Pl.. Chicago 10, Til. 


Mention No. 148 when filling out card. 


Unit may 


racy of 
nt and of 


Power Supply for 
Breakdown Testing 


“Model 224” 
up to 


New power supply can 


vide voltages and _ slightly 


vove 40 kv. d.c., with currents up to 
microamperes. Unit can be short 
iited continuously without injur- 





components. A_ kilovoltmeter 
licates voltage at load. Safety fea- 
include:Output-voltage shorting 
enoid when removed; in- 
nal interlocks on all doors: provi- 
1 for external interlocks on test 


g any 


res 


powell Is 
















rit HATHAWAY SC-16A SIX ELEMENT 
RECORDING CATHODE-RAY 
OSCILLOGRAPH 





NEW HIGHS IN RESOLUTION are obtained by this new 
oscillograph because of its unusually HIGH FREQUENCY 
RESPONSE and HIGH CHART SPEED... designed for record- 
ing fast transients and continuous phenomena. 


FREQUENCY RESPONSE 0 to 200,000 cycles per second 

RECORDS up to 1000 ft. long at speeds up to 600 inches per second 
RECORDS up to 10 ft. long as speeds up to 6000 inches per second 
WRITING SPEED above 100,000 inches per second 


Note these additional unusual features. 


@ SIX ELEMENTS with convenient interchangeable lens stages for 
1, 2, 3, or 6 traces on full width of chart. 

@ INTERCHANGEABLE RECORD MAGAZINES for CONTINUOUS 
RECORDING on strip chart, either 6 inches or 35mm in width up to 1000 


feet in length, DRUM RECORDING for short, high-speed records, and 
STATIONARY CHART for very short transients 
@ PRECISION TIMING EQUIPMENT, tuning fork controlled, for 


1-millisecond or 10-millisecond time lines 

@ Crystal-controlled Z-AXIS MODULATION 
time marks 

@.QUICK-CHANGE TRANSMISSION for instantaneous selection of 16 
record speeds over a range of 120 to 1. 

@ AUTOMATIC INTENSITY CONTROL. 

@ CONTINUOUS SWEEP OSCILLATOR which permits viewing as well 
as recording 

@ Single-pulse LINEAR OSCILLATOR 


The record can initiate the transient to be recorded, or the 


for 1/10 millisecond 


for recording transients on 
stationary film 


transient can initiate the record 


Each recording element is a complete unit, fully housed, 
which can be instantly inserted or removed. Recording 
element contains high-intensity cathode-ray tube, and 
both AC and DC amplifiers. Control panel is located on 
ovtside end 


FOR FURTHER INFORMATION, WRITE FOR 


BULLETIN 2 G-I-H 





INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET « DENVER 10, COLORADO 
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Kester engineers, with over 100,000 different 
types and sizes of solder available, will specify 
the right flux-core solder that will give maxi- 
mum efficiency and economy to the job. 


Using the most suitable solder for each oper- 
ation will enable solderers to work at top speed 
without sacrificing quality. Waste is eliminated 
and rejects are held to a minimum. 


Top Quality 


Kester Solders are made only from newly 
mined grade A tin and virgin lead. Fluxes— 
chemically and scientifically correct. 


KESTER SOLDER COMPANY 
4201 Wrightwood Ave. * Chicago 39, Illinois 
Nework, New Jersey * Brantford, Canada 





Send for free manual, 
| “SOLDER and 

Soldering Technique.” 

\ KESTER 
™ SOLDER 





Standard for Industry since [599 


ion to Woe 





jigs, etc.; two widely separated p» s| 


buttons that must be depressed to mz n- 


tain high voltage continuously er 


| gized. For 117 volts, 50-60 eps., 225 v 
| amps. Ripple is less than one perc: 


—Beta Electric Corp., 1762 T/ 
Ave., New York 29, N. Y. 
Mention No. 149 when filling out car, 


Connectionless Ammete: 


New “Model 810 burnout-proof” am- 


meter is rugged enough to be tos 
into tool kit without damage. Curr 


carrying wire is slipped through open 





ing in case of instrument and knob 


turned until indicator light extin- 
guishes, whereupon current is read in 
amperes directly off dial. Range may 


be changed by increasing number 
turns through opening. Scale rang: 


is 10-24 amperes, which may be ex- 
tended down to 0.1-0.24 ampere. For 60 
eycle a.c.—Industrial Devices, Inc., 


Edgewater, N. J. 
Mention No. 150 when filling out card. 


Circuit Tester 


New “Model 900” volt-amp. teste: 
employs two neon indicators which ex 
tinguish at volt. and amp. readings 
indicated by adjustable knobs. A mul 





ee - - sroenseansnssinemsenstassmsemenene ene 


tiplying switch provides for expat 
sion of range indicated on ammete 
scale. Tester distinguishes betwee! 
a.c. and d.c. Dimensions are 3.75 b: 
6.25 by 2 in.; weight 26 0z.—Industria 
Devices, Inc., Edgewater, N. J 

Mertion No. 151 when filling out card. 


Electrical Indicating 
Instruments with Inter- 
changeable Face-plates 
New 1.5-in. diameter panel electrica 

instrument with interchangeable fac: 
plates can be used for several range 
by adding external accessories and by 
changing face plate. It meets Goverr 
ment specifications; can be supplied 
with either a water-tight seal or 
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| hermetic , 
1ais and crystal; as a shielded or un- 








seal with solder-sealed ter- 


7 

, elded instrument. Length of the 
scale are is 1.3 in.; maker will furnish 
special scales to meet user’s require- 
ments. Feature is number of ranges 
available. D-c. self-contained instru- 


ment is said to range from 50 to 500 
microamperes; from 1 to 500 ma. and 





thhnbanagh 
| 633 


shunts 


external 
with leads permit higher ranges. In- 


from 1 to 15 amps.; 
cluded in range are 25 to 1,C00 mv. 
and self-contained unit will measure 
| to 500 volts, higher ranges by add- 
ing externa] resistors. As an a-c. recti- 
fier type instrument, range is stated as 
1 to 500 volts a.c. self-contained; higher 
ranges with external resistors. Ac- 
curacy is 2 pereent of full-scale for 
i-c. operation; 5 percent when used as 
an a-c. instrument.—International In- 
struments, Inec., 3381 East St... New 
Have i 11, Conn. 

Mention No. 152 when filling out card. 


R-f. Phase Monitor 


New “Model 109” phase monitor for 
radio frequencies has an absolute ac- 
curacy of 1 degree and resolution and 
degree. 


epeatability of 0.1 Phase is 





| directly from two diais calibrated 
0.l-degree increments. Instrument 
tinuously and automaticaily indi- 
es phase difference, hence requires 
manipulation on part of operator. 
vision is made to indicate antenna 

rrent in various towers of a direc- 
al array, as well as phase re- 
ns.—Clarke Instrument Corp., 910 
g St., Silver Spring, Md. 


ention No. 153 when filling out card. 


Earth-resistivity-type 
Ground Testers 


New “Model 258A” and ‘Model 
‘A Vibropots” for earth resistivity 
‘asurements are said to “have far 
eater sensitivity and accuracy than 
retofore considered possible in this 





eters and for other critical measurements of DC potentials requiring 
exceptionally high accuracy. Distinctive features include: 
1. Three ranges: O to 1.6 voits, 0 to 160 millivolts and 0 to 16 millivolts. 


2. Three reading dials—effective scale length of approximately 175 feet 
for each range. Readings easily estimated to within one part in 100,000 


of full-scale ranges. 


— 


dust and corrosive fumes 


ae 


6. Solid and substantial construction for many years of trouble-free service. 




















| 
RUBICON COMPANY | 


3755 Ridge Avenue 


Se 





This general purpose potentiometer, incorporating a number of 
notable refinements in potentiometer design, is widely used for 
precise temperature measurements including thermocouple stand- 
| ardization, for meter calibration, for checking portable potentiom- 
| 
{ 


. Subpanel switch and slidewire construction for protection of contacts from 


| 
. Special provisions to minimize parasitic thermal emf's 
compensation of slidewire thermals and gold contacts in galvanometer key. 
5. Exceptional convenience in reading and adjustment. 
{ 
| 
{ 


including automatic 


Thoroughly proven by practical ap- 
plication in research in- 
vestigations for nearly fifteen years. 


Described in Bulletin 270. 


exacting 


Rubicon galvanometers suitable for 
use with the Type B Potentiometer 
are described in Bulletin 320. | 


te et 
se 


OTHER | 
RUBICON INSTRUMENTS 


Galvanometers « Resistance 
Standards * Wheatstone, 
Kelvin and Mueller bridges 
* Evelyn Photoelectric Col- t 
orimeter for precise chemi- } 
cal analysis * Automatic | 
Recording Photometric An- 
alyzers for NO and H2S « 
Magnetic Permeameters « 
Shorted-turn Coil Testers « 
Other equipment involving 
precise measurement of 


electrical quantities 


Electrical Instrument Makers 


a ig 


Philadelphia 
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im 
type of instrument; yet are st q R2 in 
push-button operated instrument 2 igh ve 
With an accuracy of 1 percent of \. F&F ,ents. 
reading at any point on scale an is 
This Pressure Pickup— Assembly No. 421710 (TTP-9A)— range, “Vibropot” is a d-c. ohmme ‘ ious-di 
NEW ; 2 an a-c. impedance bridge, applica \ y nit at 
provides o new measurement range for Bendix-Pacific for earth resistivity measurements 4 s take 
¥ AN | DKT-3 Telemetering Systems. It may be used for meas- four-point method; also provides A eposit 
BENDIX-PACIFIC urement of differential pressures or for pressures relative oratory accuracy for testing res). ¥ vhich 
to a reference pressure, and may be calibrated from ance to earth of man-made grounds rms 


TELEMETERING 0 to 5 PSI or any range between 5 and 400 PSI. Differ- No correction factors are needed, : q any to 
instrument is independent of auxili: ete.. is 


ential pressures to a maximum of * 200 PSI may mas 



















































yr } > "esis « -e, — Ass “ t d ] : > 
PRESSURE GAGE be measured. %& Natural frequency is 500 to 2000 aie Tan S7ke eee n E : wg 
e ’ oy Off ° , Ave <heet- 
cycles per second with the response time dependent Chicago 18, Illinois. lete 
tor 0-400 PSi upon the fongth ond diameter of the connecting Mention No. 154 when filling out card, tage C¢ 
tubing. Acceleration error is negligible. Weight, ; ent 1 
0.32 Ibs. ¥ This new gage complements the Bendix- . } Aget 
Pacific series of high pressure gages which range Signal Tracer é Ments0 
from 0 to 3000 PSI. ¥ Bendix-Pacific Telemetering New “Model 777A Dynatracer” g ; 
Systems are extremely flexible in design application nal tracer has input capacity of Oo! 
end maintenance due to the use of unitized, standard 3 micromicrofarads. Attenuation Pee 
dimension telemetering cases and plug-in components. 10,000 to 1 by means of*a ladder a 
¥% Bendix-Pacific facilities include installation and appli tenuator with vernier control. Sen pe ph 
. 4 tivity is 10,000 microvolts for f amp 1 
cation engineering, field operation, data reduction and scale deflection or 200 microvolts screen, 
One on. We ore also prepared to supply ight f 
Smplete telemete : ad station facilities on request. atche 
ai:ue 
posu 
A 
fe) 
% 
% 
G 
eo 
° . ° (J * 
, acifie Division 
4 “Bendix Aviation Corporation 
% ied wal vemnee lessee 
c 1 aA “oO Ore 000 c ‘ 
¥, 
* Wart ~ 
. 10 East Coast Engineering Office: 475 Fifth Avenue, New York 17, W. Y. 
division. Frequency range covers a 
proximately 1640 Me. A jack is pi 
ided for testing microphones and pick- 
; ¥ ups. Automatic-control switch permit 
either speaker or indicator to be us¢ 
COSTS TOO HIGH? onty $215 "For ies oe Caen we tate he 
THE GREEN City Products Co., 152 West 25! 6s 
ENGRAVER \ Street, New York I NY. 
... yet it’s fast, versatile Mention No. 155 when filling out card ilar ¢ 
ASK OUR and rugged enough —— : ne-ha 
° ae thinne) 
for die steel Timing Motor zen Tv 
New self-starting synchronous m meter | 
tors feature high-temperature Glypt that of 
sealing for gear case, hardened-stain- rated 
less steel rotor shaft, aluminum rotor, §— ASA a 
Siemans and nylon first-reduction gear. Gea irom «< 
, 4 m f 
How our a : 
Automatic cad 
Equipment ae jo 
Engineered to graver rmal 
t YOUR 
PROBLEM can | great speed and : ince 
SAVE YOU convenience. Quickly cal 
MONEY cuts up to four lines tim 
of letters from 3/64” to 1” on curved ries 
Nubee Coen abe os —& or flat surfaces whether made of metal, iced 
; ce suet aie y plastics or wood . . . operates by mere- ange 
ee ma rubber and plastics coe ly tracing master copy — anyone can id 
sage at Ae ocr Mlle ce, Megiel ile : do an expert job. Special attachments : , si Mentio 
CAL and OTHER PROCESSES for sequence- and engineering service available for train housing is dust proof. Rotor 
ng complex cycles with or without TIME. production work. Just the thing for visible through a window. Optiona 
Without time they may be keyed to limits radio, electronic apparatus and instru- two-way friction clutch has torque « St 
of position, temperature or other measur ment manufacturers 9 oz.-in., plus or minus 3 oz.-in. Out | 
oble values. — . : put shafting and speeds according 
THE “PUSHBUTTON” CONTROLLER (illus vce —. abodes « a specifications. For 120 or 240 v, at 6 New 
trated) is our MODEL PB-2. It is a HIGHLY @ Mo oi aay a es a4 oats 50, or 25 cps. Power used, 2.25 watts ew 
FLEXIBLE example of our many adaptable “oi PI — 6 International Register Co., 2616 VW ntrol 
TIME SEQUENCE devices. eigen Washington Blvd., Chicago 12, Ill. is A 
. . . also does routing, profiling and ¢ i : aa 
decce discastenel modeling Mention No. 156 when filling out card mere 
> P pin ean n 
SEELY INSTRUMENT CO., INC. *Price does not include master type gem 
andasak. ae a FALLS, N. Y. and special work holding fixtures. Filterless Dust Collector sles, 
: er vy of A > stica vulacturin Corp 7 
ey eee ee GREEN INSTRUMENT CO. Xu Model 30N50 Dustkop" dh rmal 
Air Opercted Hydraulic Valves to 7000 ps 383 Putnam Ave. véelnns 2620 cfm fasiaaite “10 4101 56 
nd ¥ fer ; C rvi b 2 ores . ae: —e 
And Valves for Heoting & Cooling Services \ Cambridge, Mass. fpm.): measures 28 x 49 in. floor spac sie 
Pag Ww Instr \ 9 

















2 in. over-all height; thus combines 
igh volume with small space require- 
ents. A self-clearing paddle-wheel 
an is direct-driven by a 5-hp. contin- 
ious-duty motor. Dust-laden air enters 
nit at 8-in. diameter inlet. Dust, ete., 
taken out in cyclone separator and 
eposited in dust storage compartment 
vhich has 12 cu. ft. capacity and 
orms base of unit. Cleaned air, with 


any toxic fumes, objectionable smoke, 


te.. is exhausted to outdoors through 
utlet at the top of cyclone. Ordinary 
sheet-metal pipe can be used to com- 
nlete installation. Additional advan- 
tage claimed for this type of equip- 
vent is that it is available from stock. 
Aget-Detroit Co., Ann Arbor, Mich. 


Mention No. 157 when filling out card. 


Exposure Meter 


New “Red Dot” exposure meter util- 
zes photometric principle: a calibrated 
amp illuminates half of a comparison 
screen, other half is illuminated by 


ight from the scene. When halves are 


atched (by moving a lever) light 
alue is indicated. From this, proper 
«exposure is found as usual on a cir- 





dar dial. Instrument is designed for 
ne-hand use, is slightly smaller and 
thinner than a pack of cigarettes. re- 
sembles a photoelectric type exposure 
meter but its price is almost one-fourth 
hat of photoelectric types. It is cali- 
rated for film speeds from 6 to 400 
ASA and has a range of shutter speeds 
from 2 seconds to 1/800th, apertures 
om f:1.4 to f:45. Exposure indica- 
tions are said to be accurate for all 
rmal photographic uses, both indoors 
and outdoors. Lamp is run at less than 
rmal voltage and, according to an- 
incement, may be expected to hold 
calibration “over a long period 
time.” Two special pen-light bat- 
ries (photoflash type) are easily re- 
iced but “do not require frequent 
ange” since drain of lamp is low. 
4d Mfg. Co., Houtzdale, Penna. 


Mention No. 158 when filling out card. 


Statistical & Quality- 
Control Slide Rule 


New. slide rule, developed in accord- 
e with basic principles of quality 
ntrol adopted by American Stand- 
is Association in Standard Z 1.3 
ontrolling Quality During Produc- 
n.” has traditional log-log scale ar- 
gement, specialized quality-control 


iles, and ordinates and areas for the 
rmal curve. Rule is 12.125 by 2 by 
56 in. and weighs less than 4 oz. 
n-warping light-metal core with op- 


CUSTOM-BUILT 






As you want it... 
when you want it... 


Gauges from *%" or lighter 


Whatever your requirements in electrical 
enclosures KIRK & BLUM is equipped to 
fabricate them to your most exacting 
specifications. Whether it's a single unit 

. or hundreds .. . KIRK & BLUM has 
the organization, experience and facilities 
to do a first class job. 





Sheet metal units fabricated by KIRK & 
BLUM follow the customer's specifications 
accurately, down to the last detail. 


We specialize in custom-built parts and 
assemblies of Sheet Steel and Light Plate, 
Stainless, Aluminum, Monel, and other 


alloys. 


Send your prints for prompt quotation to 
THE KIRK & BLUM MFG. COMPANY, 
2911 Spring Grove Avenue, Cincinnati 
25, Ohio. 


KIRK’ Blum 


MADE TO YOUR EXACT SPECIFICATIONS 


@ CONTROL DESKS AND PANELS 

e@ SWITCH GEAR HOUSINGS 

@ CUBICLES 

@ TRANSFORMER HOUSINGS AND TANKS 
@ ELECTRICAL ENCLOSURES 

@ VENTILATING LOUVRES 














PRECISION 


INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 


GIANNINI 
PRESSURE 
TRANSMITTERS 


— proven in aircraft 
and guided missiles 


NOW available for industry 
— for remote recording, 
control or indication. 


Ranges from 


1 to 10,000 psi 


By. 
er = = 
units 6 
$96.00 86 





2 eee eat es Pe otal 


Write for complete information 


285 W. Colorado, Pasadena 1 


697 Morris Turnpike, Springfiel 





Vo 





Instruments 











lligh Precision Optica, Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
* 
Parabolic, Spherical, Ellipsoidal 
and Plane MIRRORS 
* 
Plane Parallel PLATEs 
a 
SCHLIEREN SYSTEMS 
* 
Interferometer PLATES 
* 
LENSES and Prisms of Glass 
o 
Natural or Synthetic CrysTats 
. 
Complete Optical and Mechanical 
INSTRUMENTS 
@ 
Made to Specifications 
& 
High Vacuum Coating 
° 


John Unertl Optical Co. 


3551-3555 East Street 


Pittsburgh 14, Penna. 











tical tongues and grooves insure px 4 
manent alignment, freedom from d ; 


tortion, easy operation.—Pickett « F 
Eckei, Inc., 9 S. Wabash Ave., Chica F: 
3, Ill. ef 


Mention No. 159 when filling out card 





Rain Gage 
New rain gage consists of Teni 
plastic tube, a metal frame with grav- 
uated scale cut into metal, and 
metal cup to funnel rain into tube. Tu! e 
will measure up to 6 in. rain without 
having to be emptied. Readings a 


\ 


| 





made directly in inches and _ tenths, 
and in hundredths by interpolation. 
All parts are proof against rust or 
corrosion. A book in which an eleven- 
vear record of rainfall can be kept 
is included.—Victor Rain-Gage Co., 
Airport Branch, Wichita, Kansas. 


Mention No. 169 when filling out card. 


Educational Amplistat 


New educational amplistat, operat- 
ing from 115-v., 60-eps line, consists 
of a saturable reactor and _ rectifiers 
mounted in one unit. Assembly is fast- 








ened to surface of a textolite pan 
which has a schematic diagram 0 


component parts molded in its su) ° BI-I 
face. Reactor consists of two mal! 
cores each wound with a load winding ° DY 
and four control windings linking bot! 
cores.—Special Products Div., Gener ° SER 


Electric Co., Schenectady 5, N. Y. 
Mention No. 161 when filling out card 








Smoke Density Indicator 


New “Type 2A10C” smoke indicat 
consists of: photoelectric control, light 
source, and densometer. First two a1 


















mounted on opposite sides of flue or | 
breeching. Beam from source projects MAGNA-SIGHT 
from an opening in flue to eye of con- | : 


trol. Densometer is located on boiler- Low-Cost, pipeline 


room instrument panel—Photoswitch 
FLOW GAUGE 


77 

Diaphragm-pinch Valves for flow rate indication 
New “2000 Series” diaphragm-con- | 

trol valves are available for any size 

up to 12 in. They are designed pri- 

marily to handle corrosive fluids or 


Ince., Broadway, Cambridge 42, 
Mass. 


Mention No. 162 when filling out card. 








A magnetic roller, en- 
tirely outside the fluid 


stream, indicates flow rate 





MODERN 





70? 





ELECTRONIC 
on a graduated scale. 
ENGINEERING gases or any slurry or fluid carrying 
solids in suspension. Operating tem- 
+ : GIVES perature is limited by diaphragm ma- FOR—Clear or opaque fluids, slurries 
a terial used, 180F being considered 
‘2 Ps PRECISE max. safe figure. 3ody through 4 CAPACITIES—3.5 to 250 gpm; 10 to | 
rs 5 BT Ke ia range 
in. size is rated at a max. working 


FIN GERTIP pressure of 150 psi; 5 and 6 in. for PRESSURES—to 500 psig 
125 psi; 8 in. at 100 psi; and 10 and 
12 in. for 65 psi._—Hammel-Dahi Co., TEMPERATURES—to 400° F 


i 


248 Richmond St., Providence 3, R. 1. MATERIALS OF CONSTRUCTION— 
Mention No. 163 when filling out card Brass, Bronze. Iron, Steel, Stain- 
less Steel (type 316) 
Shutoff Valve ACCURACY 5% average over scale 


New “Series 21” safety shutoff range 
valve stops flow of any gas or liquid SCREWED or FLANGED connections 


instantly when current to solenoid is 


* TACHOMETER 
PROPORTIONING 


* TENSION OR 
POSITION CONTROL 


\ * MOTOR INTEGRATORS 
u * BI-DIRECTIONAL 
ne * DYNAMIC BRAKING 











PLEASE SEND CA TALOG 96 
Name 

Title 

Company 


Street 





FPP PLP LP LLL LOL LLL LP LL LOR? 






t 
“( > 
SERVO CONTROL City Pee 
J 
[ d FISCHER & PORTER CO. 
we - /€ interrupted. When power is restored, Dept. OL-5C Hatboro, Pennsylvaniag 
; products co valve is reset manually. It may be 
ht 4 Godwin Ave. Paterson, N. J tripped closed manually if desired and PROCESS CONTROL INSTRUMENTS 
+ cannot be wedged or propped open 
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ASUREME 






BOONTON RADIO 


Life cd 


160-a G) METER 





The 160-A Q-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition as the outstanding instrument for measuring 
Q, inductance, and capacitance at radio frequencies. 
Frequency Range: 50 ke. to 75 me. (8 ranges) 

Q Measurement Range: 20to 250 (20to 625 with multiplier) 
Range of Main Q Capacitor: 30-450 mmf. 

Range of Vernier Q Capacitor: +3 mmf., zero, —3 mmf. 


For further specifications and descriptive 
details, write for Catalog F 


/ r 
L407 





The Accurate W av to 





Measure Extreme 


Temperatures at a glance 





The Simplified PYRO 


Optical Pyrometer 


PAINED. No 


} 
Tr uC 


SELF - CON 





Type 452 





t e keep 
y 
ACCURATI Pe 
emy le 
t oO 
Spe I “ lype 
Triy RK a 
e RED ¢ t Scale 
M: é r t max 
t ’ “se i 
P < i 
€ We @ et of ercer 
each we 
LIGHI WEIGHT 
) t The Type 4 designed for simy 
H nd compactnes It neorporates the 
newest refinements and improvements 
PROVED IN SI I ’ Adapters and tools are supplied, as wel 
s eithe arrying case or protecting 
ee : ; ; ‘ Immediate and intelligent at- 
I ntton be given to your 
’ Cat , nquiries on all industria 
, : REI . N - . speed measurement problema 
n other PYRO Pyrometer 
THE PYROMETER INSTRUMENT CO. Drop us a line toda 
P! } 


lant and La 
BERGENFIELD 4, NEW JERSEY 


In Canada, Sales and Repair Laborat 
Limited 


Dominion Flow Meter Company 
Toronto and Montreal 


Amthor 
" Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 





AMTHOR Dead Weight 
Pressure Gauge TESTER 














with power off since resetting ha 
is independent of valve stem. Gl 
type soft-seating 
with all-iron body and internals, a\ 
able in sizes from 0.75 through 6 
with solenoids for 110, 220, 440 vy 
and 60, 50 and 25 eps.—The N 
American Mfg. Co., 4455 E. 71st 
Cleveland 5, Ohio. 

Mention No. 164 when filling out ca 


Two-pressure Hydrauli 
Valve 


New larger size of 
valve in 2.5 and 3 in. 
ample, is valuable in controlling 
draulic-cylinder operated machin« 
which is operated from low pressur: 
produce long strokes economically 


“Series & 
sizes. for 





lowed by application of high pressures 


from 2000 to 5000 psi. to produce ne 
essary working tonnage. Valve is por 
pet type throughout, all seats an 


disks of hardened stainless steel. Seat 


rings and disks are removable for r 
placement. 
is balanced, and balancing 
pass through molded-mechanical pac! 
ers. Bodies are of heavy-walled bronz 
castings to 3500 psi. service and 
higher pressure of stainless steel 
Seely Instrument Co., Inc., 377 "ou 
Nt... Viagara Falls, N. Y. 


Mention No. 165 when filling out card 


Solenoid Valves 


New line of solenoid valves have 
ternal parts of brass and_staink 
steel, with packless-type heavy-d 





solenoid for from 0 to 


pressure 
psi. and temperature 0 to 500 F. Val 


are built for water, air, steam, 2 
and custom requirements. 4. 
Valve Co., Inc., 357 Canal St., N 
York, N.Y} 


Mention No. 166 when filling out car 


valve can be j4 


Action of three-way valv 
pistons 








rtf 


Menti 


Radi 
New 





ade 
eeding 
Iming 
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ectro! 


Mentio 











Control Transformers 


New control transformers foNow 
sely proposed NEMA standards; 
particularly adapted to inductive 
y-power-factor loads of solenoids, 
ays, and contactors. Secondary 
Itage of 60-cycle units remains 
ove 0 percent of rated voltage up to 
oad current of seven times normal 
20 percent load power factor. Seven 
es from 0.075 to 1.5 kva. are avail- 
le for 220/440 volts primary to 110 
ts secondary at 60 cycles. For 50- 
vele operation, six sizes from 0.15 
1.5 kva.; for 25-cycle operation, 
ree sizes from 0.15 to 0.5 kva. 
We stinghouse Electric Corp., 306 
rth Ave., Pittsburgh 30, Pa. 


Mention No. 167 when filling out card. 


Radio-telemetering Receiver 


New “Model 167” vhf receiver, de- 
signed as terminal equipment in tele- 
etering systems has a_ frequency 
ange of 210 to 250 Me. Provision is 





ade for audio monitoring and for 
eeding a series of subcarrier dis- 
iminators. All transformers and 
eters are hermetically sealed, and no 
lectrolytic condensers are used. Re- 
treated to resist moisture 
growth. Clarke Justru- 
King St., Silve 


iver is 
ind fungus 

nt Corp., 910 
Spring, Md. 


Mention No. 168 when filling out card. 


Copper-oxide Rectifier 


New Model bp OF ig copper-oxide rec- 
er features a gold-to-gold internal 
lit arrangement made up of vac- 


-processed rectifier plates with 


ontacts, specially-treated gold 
nals and copper-alloy brackets. 
regnated and sealed to withstand 
eme humidity, unit is also fungus 
stant. Dimerisions are 0.5 by 0.18 


.25 in., mounted on a 2-56 by 0.375 

V. Pradley Laboratories Ine.. 
Haven, Cow 

1 No. 169 when filling out card. 


Electrolytic Capacitors 


ew “Type SRE” electrolytic capac- 
Ss in miniature sizes are hermet- 
sealed in tubular-aluminum 

es with wax-impregnated cardboard- 
ilating jackets. Stud terminals pro- 
max. creepage distances between 
minals and can. Despite diminutive 
e, they comply with RMA tolerance 
urements, d-c. leakage-current lim- 


St rve-voltage ratings, operating- 





Want the INSIDE STORY? 
The Cox Direct Pressure Engine Indicator tells 
more of the true INSIDE STORY of any engine. 


Here are REASONS WHY it is an important tool for engine design analysis: 


@ Pressure Recording and Indicating in Ail Engines 














® Direct Measurement at Instant of Pressure Balance 
® Gas Sampling with Same Equipment 
@ Simultaneous Diagrams from All Cylinders 
@ Full Scale High and Low Pressure Cards 
@ Plain Pressure Elements for All Engines 
@ Ignition Element Installation in Spark Plug Opening 
\ 
} 
Se 
ee 
\/ XJ aes. 
Unretouched (quarter-size) high and low pressure diagrams and atmospheric line taken with 


only one element in the combustion chamber. Manifold and exhaust pressure diagrams taken 
at the same time are not shown. Above card is typical of the unique flexibility and accuracy 
of the equipment for studying cylinder and manifold pressures and gas samples to determine 
combustion analysis, mixture ratio, stratification, turbulence, scavenging, peak pressure 
pressure rise, mean effective pressure, vaive pressure drop, exhaust back pressure and pulsation 


For the true INSIDE STORY, use a Cox Direct Pressure Indicator to determine 
conditions inside the cylinders and manifold ... Where performance starts 
Write for Catalogue IM-2 
COMMERCIAL RESEARCH LABORATORIES, DETROIT 3, MICHIGAN 


= 
Vakers of [COX INSTRUMENTS / Since 1912 
ESS og 




















one-second zero setting 
with revolving dial and 


external knob 


HEISE GAUGES 


THE WORLD 





STANDARD OF 


Zero adjustment in Heise Bourdon pressure 
gauges is simply a matter of turning an external 
knob with the fingers. No tools are needed. 
Nothing is removed. The knob rotates the dial 
until zero and pointer coincide. Direct readings 
of absolute pressure can be made by setting the 
‘dial to agree with barometric pressure. 

Three sizes: 814 in., 12 in., and 16 in., in 
ranges from 0-15 to 0-10,000 psi. Prices from 
$151.60 to $211.20. Write for catalog. 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut 














_. MOLDED 
RESISTORS 


The 
All-Weather 


Resistors 






ARE USED IN THIS 
ULTRA SENSITIVE 
ELECTRONIC PHOTOMETER 


In this instrument—designed for measurement of 
very low light values—S.S.White Resistors serve 
as the arid resistance in the all-important high- 
gain D.C. amplifier circuit. The manufacturer, 
Photovolt Corp., New York, N. Y., reports that the 
resistors ‘work very satisfactorily’—which checks 
with the experience of the many other electronic 
equipment manufacturers who use S.S.White re- 
sistors. 








WRITE FOR BULLETIN 4906 




















It gives essential data about Yes. " 
A terest to all S.S.White Resistors, includin SS Bie 
ho r th inherent — / g 
el 3 yood stability construction, characteristics, di- tisteas j 
ai climates mensions, etc. Copy with price a | 
HIGH VALUE RANGE list on request. 
10 to 10,000,000 MEGOHMS St, / 
STANDARD RANGE Photo courtesy of 
1000 OHMS to 9 MEGOHMS Photorolt Corp., New York. N.3 
C=. 


SS.WHITE INDUSTRIAL DIVISION 


—— DEPT. | 10 EAST 40th ST., NEW YORK 16, N. Y. ae 


FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 


One of Americas AAAA Industrial Enterprises 





SELENIUM 


PHOTOELECTRIC 
on a 


Self-generating — No external power 
source required. 





Sensitivity —- Up to 600 microamps per 


lumen 


Stable Characteristics - Long Life 





ais ato soi 
B10 es = 
Cel Size Output-ywa 

Al5 2” diam 800 

Alc 13%," diam 550 

AS 1% diam 250 

BI 11/16" x%/_” 340 

B5 1-7/16"x41/64 220 

B2 23/32"x7/16" 75 
“At 100 ft.—Candies & ext. Resistance of 100-ohms This unique pack- 
Pe aged component is easily built into 

Send for bulletin PC-649 

your apparatus. It has true decimal 
Engineering advice, quotations and samples reading, and simple binary circuit with 
supplied on Request reliable automatic interpolation. Min 





iature size. Moderate price. Immedi 


INTERNATIONAL ate shipment 


Send for Bulletin DCU-11% 


PBorheley Scientific Company 


SIXTH AND NEVIN AVE + RICHMOND, CALIFORNIA 


RECTIFIER CORP. 





temperature ranges, etc. Life is « 
parable with that of larger ele 
lytics.— Acrovor Corp., New Bed} 
Mass. 

Mention No. 170 when filling out ca 


D-c.-drive Choppers 

New  self-excited choppers ar 
combination of s-p. d-t. and s-p. 
choppers mounted together in one 
metically-sealed high-permeability 
tainer on an 8-pin octal base. Coi 
for 6 cr 26 volts at 1.5 watts. Cont: 
nominally handle 10 volts at 0.001 a 





d-c., or higher values for intermittent 


duty. Vibration frequency is 120 jx 


sec. Choppers are useful as modulators, 
rectifiers, demodulators, or square- 
wave generators for low-level signals 
from thermocouples, strain gages, 01 


servomechanism error voltages. 
Stevens-Arnold Inc., 22 Elkins St., : 
Boston 27, Mass. 


Mention No. 171 when filling out card. 


Relays 
New line of electrical relays, head 
by compact general-purpose “BO 
model, will be available from _ reta 


outlets throughout country. Relays 





Mave previously been used as com} 


nents by manufacturers of electroni 


and electrical equipment.—Allied C: 
trol Co., Inc., 2 East End Ave., N 
York 21, N. Y. 


Mention No. 172 when filling out car 


Multiplier Phototube 


New “5819” multiplier photo-electi 
tube is specially designed for use w) 
scintillation counters. With a “head- 
cathode measuring 1.5 in. dia., a sé 


sitive 

vious I 
time of 
sec. 18 
of Geis 
sitivity 
t ora 
ot Ame 
Mentic 


] 


Nev 
“1 P21" 
equival 
lumen, 
formar 
to use 
scopes, 
equip! 
heams 

Co 
Mentio 


New 

ffers 1 

cal str 
mizes 


shock ¢ 








proxim 
ime th: 
size, ar 
working 
ment uj 
as a st. 
plug-in 
leticall 
s-Diaci 
hia 
Mentior 


vice 
re 

pacitc 

as n 

n of 

use 
red 

agiue 
Vass. 


ention 


Refr 


tem 
nber 
/pped 
id as 
le.—] 


tlane 




















ive area several times that of pre- 
us models is attained. The resolving 
tine of less than one-hundred millionth 
._ is considerably faster than that 
Geiger tubes. Effective spectral sen- 
sitivity ranges from near ultra-violet 
to orange—Tube Dep't, Radio Corp. 
ot America, Camden, N. J. 

Mention No. 173 when filling out card. 


( 


Multiplier Phototube 


New characteristics of maker’s 
“7P21” multiplier phototube reduce 
equivalent noise input to 5 x 10° 
lumen, a sixfold improvement in per- 
formance. Tube is particularly suited 
to use in spectrometers, astrotele- 
scopes, scintillation counters and other 
equipment where collimated-light 
heams are employed.—Tube Dep't, Ra- 

Corp. of America, Harrison, N.J. 
Mention No. 174 when filling out card. 


Miniature Relay 


New “Frame 181” relay structure 
fers maximum resistance to mechani- 
eal stress. Balanced armature mini- 
mizes false contact operation under 
shock and vibration. Relays have ap- 





proximately 50 percent more coil vol- 
ume than existing types of comparable 
size, and magnetic structure has two 
working air gaps. Any contact arrange- 
ment up to 4-pole d-t. can be furnished 
as a standard open-type relay or with 
plug-in base and removable or her- 
netically sealed metal cover.—Struth- 

s-Dunn, Ine., 150 N. 13th St., Phila- 
lelphia 7, Penna. 


Mention No. 175 when filling out card. 


A-c. Electrolytic Capacitors 


New “Type 11A” electrolytic capac- 

for 115-volt continuous-duty a-ec. 
vice may be used in applications 
ere starting-voltage surges across 
pacitors may exceed rated voltages 
as much as 50 percent for a maxi- 
n of two seconds. Another import- 
use is where a voltage drop is re- 
red without power dissipation. 
ague Electric Co., North {dame, 

} 88, 


Mention No. 176 when filling out card. 


Refractive-index Recorder 
CORRECTION 

tem No. 1208, page 1109 of our De- 
nber issue:—A line of type was 
/pped out at the end, which should 
id as follows: “34 in. high, 24 in. 
le-—Precision Scientific Co., 3737 W. 
tland St., Chicago 47, Ill.” 


AWARD-WINNING TEMDED ATURE RECORDER 


uses a 


BODINE MOTOR 


The new Wheelco Deflection-Type Temperature 
Recorder was recently judged one of the five 
outstanding designs of the year in the Eleventh 
Annual Product Design Competition conducted 
by Electrical Manufacturing Magazine. 











A Bodine Type K motor positions the follow- 
up arm and pen. This motor was selected 
because of its precise, reliable operation and 
rugged construction. 

The Type K motor is especially designed 
for use on instruments and controls. Write for 
complete information. Bodine Electric Com- 
pany, 2244 W. Ohio Street, Chicago 12, Illinois. 









FRACTIONAL HORSEPOWER 


MOTORS 








—_MICO— 
—MICO— HARDNESS 
ENGRAVER TESTING... 





done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 





inexpensive. 
+ 

FEATURES ica 

1. Ball Bearing Micrometer spindle for absolute ustratec 
contro! of depth of cutter in all four ratios butle 

2. Accuracy of reproduction in four ratios due to ex- rutietins 

cellent precision machining of pantograph arms j 

3. Absolute accuracy in three-dimensiona!l dupli- ree 





cating 
4. Many attachments available to increase versa 
tility, such as extension arm, rapid self-centering 


vise, extension post for pantograph and copy Th Sh Ins 
carrier, hand engraving spindle and many more e ore trument 
5. Copy and work right-side up and in view of op- 
ote & Mig. Co., Inc 
s of . 


Catalog on Request 


MICO INSTRUMENT CO. 9025 Van Wyck Ave., Jamaica 2, N. Y 


86A Trowbridge St. Cambridge 38, Mass. 
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W. S. MACDONALD CO., 





Tove Measuring 
systems 


for use in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 


any apy ) Due « guedness, tree 


‘4 ampere 
1 microampere t ¢ ampe 3 ¢ 


. ( i ale 
50 microvolts t ¢ Time consta about 6 secon 
Power supply - 110 - 
_ 125 V,60C.P.S 
oe Dime 7°x8°x ¢! 


Pricr $225.00 F.O.B. Camprroce, Mass 


T ~ 33 UNIVERSITY ROAD 
I N C ° 4MBRIDGE 38. MASSACHUSETTS 





Physicist wantec — For desig 
and development of electroni 
and mechanical instrumentation 
equipment used in the pursuit of 
flight research work. Severa! 
years of theoretical and pract 
cal experience necessary. Salary 
commensurate with qualifica- 
tions. Permanent position. Give 
details in first letter. Cornel! 
Aeronautical Laboratory, Ine., 
4455 Genesee Street, Buffal 
New York. 











Wanted: 
Instrument Personnel 


Draftsman — Designers — 
Project Engineers. Experi- 
ence: Aircraft or Indus- 
trial Pressure Instruments, 
Gyroscopes, Flight Test 
Instrumentation, and Con- 
trolling Switches. Califor- 
nia location. Answer full 
details. Box 173, Instru- 
ments Publishing C; 
Pittsburgh 12, Penna. 











Development and 
Application Engineer 


Experienced in designing, build- 
ing, and field application of spe 

cialized electrical and mechani- 
cal instruments and test equip- 
ment. Opportunity to introduce, 
develop and apply new test 
equipment in utilities, indus 
trials and railroads. Well-estab- 
lished, medium-size company. 
Location East. Box 174, Instru- 
ments Publishing Co., 921 Ridg: 
Avenue, Pittsburgh 12, Pen: 
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I.S.A. National Office, 921 Ridge Ave., 





JANUARY 1950 


An Open Letter to Members 


De ISA Member 

The 1949 operations of your Society have 
lacked spectacular features, nevertheless we 
believe that progress has been made 

The addition of 316 new members to our rolls 
since April 1949 is proof of the growth of instru- 
entation in science and industry and is strong 
vidence that ISA membership is considered a 


necessity by instrument men. 





al membership now is 4,224. The number 
Sections has increased from 45 to 49 since 
hat date Wilmington, Delaware being the 
atest to receive a charter 
The 42 papers presented at the St. Louis 
Conference in September set a new record for 
ISA meetings The St. Louis Exhibit also set 


record for products exhibited 
The 1950 meeting is planned for 
Auditorium, Buffalo, September 
The location of this meeting 
of many members 
attended a meeting 


Memorial 
to 22nd. 
permit the 
here- 


the 
18th 
will 
who 


attendance have 


e not 


The 
Excursion 
record for 


the River 


also set a 


Louis 
Admiral, 


fellowship 


function 
the 
attendance 


social at St 
on Steamer 


and good 


The list of sections and their membership 
is as follows: Akron 44, Albuquerque 43, Aruba 
63, Atlanta 17, Baltimore 78, Boston 95, Cali- 
fornia 166, Central Llinois 34, Central Indiana 
82, Charleston 83, Chicago 323, China Lake &9 
Cincinnati 69, Cleveland 135, Columbus 28 
Cumberland 15, Detroit 72, Eastern New York 
105, Gulf Coast 45, Houston 120, Kansas City 58, 
Louisville 40, Montreal New Jersey 232, 
New Orleans 6, New York 221, Niagara Fron- 
tier 91, North Texas 44, Northern California 
91, Northern Indiana 24, Oak Ridge 67, Ontario 
44, Philadelphia 3606, Pittsburgh 224, Presque 
Isle 23, Richland 102, Rochester 70, Sarnia 82 
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Dynamic Accuracy In Temperature 


HE dynamic performance of a 

temperature measuring element is 

concerned with its behavior under 
changing or dynamic conditions as con- 
trasted with the static performance 
under constant conditions. The usual 
accuracy specifications are limited to 
the static accuracy since it is relatively 
easy to define the static test conditions 
and to reproduce these test conditions 
whenever necessary. The dynamic ac- 
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Measurement* 


By J. G. ZIEGLER and N. B. NICHOLS+ 


ments to accurately follow changing presence of measurement lag as s! 

temperature not only produces errors in’ by the solid line, but the dotted re 
measurement; it often has a profound of air temperature would be show: } 
effect on the results obtainable when the a measuring element with perfect 
temperature is automatically con- namic characteristics installed  be.id 
trolled. In certain control applications, the imperfect element of the contr: 
elimination of measurement “lag” If the controller were actuated by 
would remove such a large proportion perfect measuring element and pro 
of the effective control circuit lag that ly adjusted for the easier task whik 
temperature deviations could be prac- would then have, a similar chang 
tically eliminated. An example of such load would be corrected very quick 
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All practical temperature measuri! 





curacy is often partially described by 
giving the speed of response for some 
given set of dynamic test conditions, 
but more generally, little attention is 
paid these characteristics of the meizs- 
uring element. An instrument accurate 
to a fraction of a degree under static 
conditions can easily be in error by a 
great many degrees when the tempera- 
ture is changing. 

The inability of thermometric ele- 
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h = soBTU/HR/¥/FT?2 


BULB CONSTANTS; 
HEAT CAPACITY =0004 BTU/ r 
AREA=0.024 SOQ FT. 
Z =0.2 MIN 


elements are imperfect dynamica 
simply because some heat is required t 
change their temperature and there 
only a finite surface area through whi 


a process is shown in Fig. 1; a steam the heat can flow. Consider the temper 


heated surface raising an air stream to ature measuring element of Fig. 2 } 
a controlled temperature. A sudden ing two important characteristics, 
change in the temperature or flow of heat capacity of 0.004 BTU per °F 


incoming air would cause a temperature a surface area of 0.024 square feet. I 





deviation and recovery as shown by the this element be immersed in a_ flu 
dotted line. The actual chart record flowing at such a velocity past the su 
would not be as alarming due to the face that the coefficient of heat transf 
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50 BTU/hr./°F./ft. the dynamic 
iracteristics of the system may be 
tablished. If the temperature reading 
increasing at the rate of 20° per min- 

e, as shown in Fig. 2, a certain amount 

heat must be flowing into the ele- 

ent. 

q = (20) (60) (0.004) = 4.8 BTU/hr. 
\|| of this heat must flow through the 
fluid film surrounding the bulb and, 
since the rate of heat flow is constant 
for a given rate of temperature change, 
temperature drop over the film 

iy be calculated from the conventional 
steady state heat transfer equation. 


the 


q=hAAT 
q 4.8 
AT a ——————_—_— — 4°F, 
(h) (A) (50) (0.024) 


Thus, in order to keep the element tem- 


changing at the same rate). This is 
shown on Fig. 3 for two cases. In the 
first, the bulb is subjected to a sudden 
increase in temperature and responds on 
a curve of constantly decreasing slope. 
But at any instant, it is changing at a 
rate proportional to the remaining tem- 
perature difference so it would reduce 
the error to zero in the same length of 
time if it continued at its instantaneous 
slope. In the second case, the true tem- 
perature (potential) is assumed _ to 
change from one value to another at a 
constant rate. Note that the bulb read- 
ing approaches a limiting maximum 
slope equal to that of the potential. At 
every instant, the reading is changing 
at a rate that would reduce the error 
to zero in a time equal to Z. 

In terms of the bulb heat capacity C 
and its area A and the coefficient of heat 




















the vapor will be superheated and con- 
sequently a gas film would surround a 
bulb located in the vapor space. The 
bulb should be located in the liquid. 
Even in saturated vapors, bulb location 
should be checked carefully to be sure 
that it is not in a pocket where fixed 
gases can collect. 

Another possibility of reducing bulb 
lag is to change the bulb itself, so as to 
reduce its heat capacity or increase the 
area, that is, reduce the value of C/A. 
The most common method is to reduce 
the bulb diameter, going to the so-called 
“capillary bulbs” in tube system instru- 
ments or to bare thermocouples or re- 
sistance thermometers made of the 
smallest diameter wire which will stand 
the mechanical strain or the erosive and 
corrosive conditions encountered in the 


application. Occasionally finned bulbs 
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Fig. 3. Response of simple thermal element. 


the dynamic error of measurement is 


iF. Under similar conditions, since 
the rate of heat flow is proportional to 
the temperature difference, an 8°F. 


drop would be required to cause the 
ment to change twice as fast or 40 

minute. The dynamic error then 
with the rate of temperature 
nge of a thermometric element 

generally more convenient to ex- 
press the dynamic characteristics of a 
given element in a given medium as a 
of the dynamic error to the rate 
temperature change. This ratio Z 
the dimensions of time and is called 
lb Lag” which in the example of 


> 


2 is equal to: 


per 
ries 


so 


(dynamic 


error) 4 8 
7 - 0.2 min. 
(rate of 20 10) 
temp. chg.) 
he meaning of this quantity is 
vn on Fig. and is the time by 


ch the thermometer reading lags the 
temperature when both are chang- 
at constant rate. A better interpre- 
on is that the dynamic error would 
educed to zero in a time equal to Z 
vided the bulb temperature kept 





transfer “h’” the bulb lag “Z” is equal 
to: 
C 
(A) (h) 
This equation indicates some of the 


possibilities for reducing bulb lag. Any 
increase in the coefficient of heat trans- 
fer effects a corresponding decrease in 
bulb lag. This indicates that bulbs 
should always be located at a point 
where the velocity of fluid is high since 
“h” increases approximately the 
square root of velocity. A little care in 
this respect can have a very marked 
effect on bulb lag and on temperature 
control obtainable. By the same token, 
the coefficient of heat transfer is much 
greater in agitated liquids than in gases 
or even vapors at low velocity, so if a 
choice exists, the better medium should 
surround the bulb. Examples of this ex- 
ist in fractionating columns, evap- 
orators, ete. The vapor leaving a boiling 
liquid will be at the temperature of the 
liquid so it should be much better to 
install a bulb in the liquid on a column 
plate than in the vapor space between 
plates. In the case of an evaporator ir 
which the liquid has a boiling point rise, 


common industrial process fluids. 


are used, although the improvement 
that can be effected is limited. In gen- 
eral, for bare bulbs or thermocouples, 
without a protecting well, the internal 
resistance of the bulb is negligible com- 
pared to the fluid film resistance on the 
outside and the bulb can be considered 
homogeneous. Actually, there is a slight 
resistance to heat flow through the 
metal of the bulb which adds a fraction 
of a second to the lag caused by the 
fluid film, but the latter is much larger, 
varying from a second or two up to sev- 
eral minutes. This not the case fo. 
thermometric elements installed in pro- 
tective wells unless exceptionally good 
thermal contact exists between the sen 

sitive element and the well since an ait 
space of a few ten thousandths of ar 
inch between the two can add many sec- 
onds to the overall bulb lag. In addition, 
i more complex “two capacity” lag re 

sults which will be onsidered late. 
after another method of reducing the 
lag of bare bulbs is explored. 


DERIVATIVE COMPENSATION FOR 


THERMAL LAG 


Even with good installation practice 
and the use of bulbs with low C/A 
values, the lag is ofter rger than car 
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be tolerated; measurement of transient 
changes cannot be made with ac- 
curacy or control results are miserable. 
In Fig. 4, approximate values of normal 
bulb lags are given for a variety of 
conditions for bulbs °s” and %” in 
diameter. These values are not limited 
to tube system type thermal elements; 
they apply equally well to a bare therm- 
ocouple 4s” in diameter or to a thermo- 
couple welded into a %s” tube since the 
C/A values will be essentially the same. 
The values would not apply to resist- 
ance thermometers in protective tubes 
because high thermal conductivity can- 
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dT /d®, one merely needs to measure this 
rate of change, multiply by the appro- 
priate bulb lag and add this correction 
to the bulb temperature to obtain the 
corrected or true temperature. The 
pneumatic transmitter offers an easy 
solution to this problem. Consider the 
simplified circuit of a force balance 
pneumatic transmitter as shown in Fig. 
5. A gas filled tube system has its bulb 
immersed in the process medium. The 
force resulting from the gas pressure 
on the diaphragm is balanced by the 
biasing spring and the force from the 
balancing bellows. An increase in bulb 














Fig. 5. 


transmitter. 


not be obtained without electrical con- 
tact. 

Reference to the table shows that bulb 
lags are not inconsiderable in most 
cases. The possibility of using small 
diameter bulbs is generally limited to 
installation in non-corrosive and non- 
erosive gases and vapors; even %3” 
diameter bulbs are often too frail to 
stand the mechanical stresses encount- 
ered in flowing streams of viscous 
liquids. Any increase in wall thickness 
or contact with supporting members in- 
creases the lag by increasing the ca- 
pacity or impeding free circulation 
about the bulb. In view of the rather 
obvious requirements for faster speed 
of response it seems desirable to point 
out another way of improving the dy 
namic accuracy of thermal systems. 

As in most compensation problems, 
the method is quite simple. A quantity 
proportional to the error is measured 
or sensed and a correction is applied to 
the reading so that the final result is 
the sum of the uncorrected reading and 
the correction. In this case, the error is 
the temperature difference between the 
sensitive element and the temperature 
of the medium and is equal to: 

(dT) (C) 1 (dT) 
AT ° e — °7 
(d@) (A) h (d@) 


Since the error is proportional to the 
change of bulb temperature, 


of 


rate 


Fig. Step response for a single 


capacity thermal element with dynamic 
compensation, 
Val. 2 
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Schematic 
simplified force balance 





sation for thermal lag or “dyn: 

compensation,” we note that the rat 0 
pressure rise in the balancing bel) .y 
is directly proportional to the rat: of 
temperature rise of the gas-filled b |b 
Increasing pressure in the balan 
bellows will require the flow of air 
the bellows. In fact, the rate of floy of 
air into the bellows is directly pro) oy 
tional to the rate of pressure rise i: jt 
Introducing a capillary or needle y. |ye 
restriction in the line to the balan 
bellows will result in a pressure « 
which is proportional to the air 
and thus proportional to the rate of 








diagram of a 
temperature 


temperature for example will move the 
baffle away from the nozzle, decreasing 
the nozzle back pressure and increasing 
the relay valve output pressure. This in- 
crease in output pressure, flowing into 
the balancing bellows, applies an oppos- 
ing force to the diaphragm of sufficient 
magnitude to substantially prevent move- 
ment of the diaphragm and baffle. The 
change in balancing bellows pressure is 
then directly proportional to the change 
in the bulb pressure which is in turn, 
proportional to its temperature. By suit- 
able calibration, a balancing bellows 
pressure change of say, 3 to 15 psi can be 
made to correspond to the desired tem- 
perature span of the transmitter. The 
output pressure is then transmitted to 
a suitable pressure receiver also having 
a pressure span of 3 to 15 psi. Ambient 
temperature and barometric pressure 
compensation would, of course, be re 
quired in any complete instrument, al- 
though they are not shown. 

Returning to the derivative compen- 


RESPONS 


Fig. 8. 
' 
element. 
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Fig 6. Schematic diagram of a temperature transmitter 
with dynamic conpensation for measurement “lag.” 


temperature rise of the bulb. The out 
put pressure of the relay valve wil 
thus be equal to the balancing bellows 
pressure plus this pressure drop. Suit 
able adjustment of the restriction al 
lows selection of the appropriate lag 
correction factor to neutralize the dy 
namic error. The adjustment dial or 
the restriction can, in fact, be calibrated 
directly in terms of the time lead (or 
dynamic compensation factor) intro 
duced by it. 


DESIGN AND OPERATION OF 
TEMPERATURE TRANSMITTER WITH 
DYNAMIC COMPENSATION 

The principal involved in this instru 
ment is quite simple. Fig. 6 shows 
schematic diagram of a temperatur 
transmitter utilizing this principa 
The dynamic compensation or “Speed 
act” response is obtained by means 
a needle valve in the line between th: 


Speedact 





Dynamic compensation with a single capacity thermal 
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ray output (which goes to the re- 
ver) and the balancing bellows. The 
needle valve unit incorporates a free 
bellows with one side connected to out- 
put and the other to the balancing bel- 
ows. This construction results in stable 
pneumatic operation as the needle valve 
is adjusted from wide open to the closed 
off position. The lead time (lag com- 
pensation or “Speedact” time) dial is 
directly calibrated from 2 to 200 sec. 
The performance which can be obtained 
when the thermal system can be regard- 
ed as a single capacity thermal! element 
s shown in Figs. 7 and 8. The time scale 


thing less than complete compensation 
for bulb lag and that excessive settings 
show greater deviations than actually 
occur although in either case, the read- 
ings are nearer the true value than 
those which would be indicated by the 
bulb. 
Precise can be 


“Speedact” setting 


easily made if known changes in tem- 
perature can be effected. For example, 
if the bulb can be removed from its po- 
sition in the process where the tempera- 
ture is known and heated or cooled to a 
different temperature and then returned 
to the process, the “Speedact” adjust- 
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Fig. 9. Single capacity thermal element. 


< expressed in terms of the bulb time 
onstant (Z), as previously described. 

Such a transmitter makes possible 
temperature measurement not previous- 
y obtainable since it produces a much 
faster response to temperature changes 
n mediums normally giving excessive 
neasuring lag, such as oils, viscous 
iquids, vapors and gases. Used for 
measuring air temperature and humid- 
ty in conditioned spaces it shows varia- 
tions that were previously unsuspected 
because they were not observable on 











Fig. 11. 
gradual change. 


ment may be quickly turned until the 
receiving instrument indicates the true 
temperature. If the exact medium tem- 
perature is not known, the same test can 
be made and the adjustment turned un- 
til the receiver reading or the output 
of the transmitter is stationary; if the 
bulb temperature is rising and an exces- 
sive setting is made, the reading will 
decrease and vice versa. 


Two CAPACITY THERMAL ELEMENT 
As mentioned earlier, the response of 


good contact with both the well and the 
bulb. However, even this construction 
adds several seconds to the lag. 

The comparison between the two sys- 
tems is shown in Figs. 9 and 10, depict- 
ing the temperature gradient between 
medium and bulb during a uniform rate 
of temperature rise of 1° per second. In 
the case of %” bare bulb, the entire 
temperature drop of 16°F. is in the film 
surrounding the bulb. Adding %” O.D 
well to the bulb increases the ratio of 
C/A by 200% so the drop through the 
fluid film for the same rate of tempera- 
ture rise would be 48°F. In addition, 











Response 


TIME 


of a single capacity thermal element to a 


there is a 12°F. drop across the resist- 
ance between well and bulb making a 
total temperature drop of 60°F. from 
medium to bulb. This indicates a total 
lag of 60 seconds, since a rate of tem- 
perature change of 1°F. per second was 
assumed. 

The response of the bulb and well 
combination to gradual and_= step 
changes in temperature are shown in 
Figs. 11 and 12. Notice that the typical 
two capacity S shaped curve is appar- 
ent in Fig. 12. When dynamic compen- 
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entional measuring devices. In the 
iboratory, it has shown the true course 
f temperature during a few second test 
thermal death rate of bacteria. 
When the bulb is placed in an air stream 
higher temperature, the reading 
klvy moves to the true temperature, 
7), although many seconds later 
bulb temperature is still well below 
f the air. 
ijustment of the instrument for the 
cular application lag can be made 
number of ways. Generally, the lag 
be estimated from tables with suf- 
t accuracy. Figs. 7 and & show 
ffect of insufficient or excessive set- 
if the “Speedact” response. Note 
nsufficient “Speedact” gives some 


Two capacity thermal element. 


a thermal element installed in a protec 
tive well is more complex than that of 
a simple bare bulb. If infinitely good 
thermal contact existed between the 
bulb and its covering, the only increase 
in lag would be that caused by the in- 
crease in the heat capacity per unit out 
side area. This can be achieved f the 
covering is plated on the bulb, or if a 
sheath is soldered to the bulb. In the 
usual arrangement in which the bulb 
or thermocouple is made removable 
from the well, a definite resistance to 
heat flow between bulb and well is pro 
duced by the air space between the two 
and the limited contacting surface. This 
resistance can be decreased if the ai 
filled with mercury or a thir 
metallic sheet? which makes 


space is 
crimped 


Step response for a two capacity thermal element with 


compensation, 


sation is applied, to this system, it is not 
possible to set the ““Speedact” to achieve 


as exact a compensation for the lag 
of both bulb and well as it was with 
the simple bulb. Best results are 


achieved if the “Speedact” is set equal 
to the total lag (60 seconds in the ex 
ample). The transmitter output is show: 
for this setting in both Fig. 11 and Fig. 
12. Note the delay in reaching the true 
temperature in Fig. 12 and the smal 
overpeak which results. In normal work 
this overpeak is generally inconsequent 


CONCLUSION 


It is believed that the use of a de 
rivative transmitter to compensate for 
the inevitable lag of thermal elements 


offers a valuable and unique tool in the 


field of temperature measurement and 
control making possible a degree of 
speed and accuracy not previously ob 
tainable. 
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Long Range Multi Channel Telemetering 


INTRODUCTION 
HE Naval Research Laboratory, 
in conjunction with its upper at- 
mosphere research program, has 
developed a telemetering system for re- 
cording 30 channels of data originating 
in a missile over a distance as great as 
500 miles. This system, the second such 
system put in operation at White Sands 
by the Naval Research Laboratory, is 
called the “Matrix Telemetering Sys- 


tem,” and has the following character- 
istics: 
(a) Pulse time modulation of an r.f. 


carrier is used. 
(b) 30 input channels. 


(c) 312.5 samples per second per chan- 
I 


nel, 


* 
System 
By JOHN T. MENGEL? 


fies the start of each group and estab- 
lishes a time reference framework, or 
matrix, of 32 intervals of 100 usec. 
each. Within 30 of these intervals, 
single data pulses occur, the position 
of the pulse within its interval indicat- 
ing the voltage being measured on the 
channel. This chain of pulses is used 
to modulate an r.f. transmitter operat- 
ing at a frequency of 1025 megacycles 
per second with an average power in 
the pulse of about 4 kw. 

The ground station receives the re- 
current train of pulses from the remote 
transmitter in a suitable receiver. The 
triple pulse is recognized by a discrim- 
inator and is used to generate a matrix 
in exact phase with the matrix in the 








AN/DKT-2 (XN-1 


(d) Ot 5 volts channel input voltage. 
(e) .118 megohm input resistance. 


(f) Six point voltage calibration on 
each channel every 10 seconds. 

(g) An overall accuracy of at least 

1% 

(h) Cross talk between channels less 
than 14%. 

(i) Average output power in the rf. 
pulse of about 4 kw. 

The Telemeter Transmitter Set for 
the Matrix System fs designated the 
AN/DKT-2, and is manufactured for 


the Naval Research Laboratory by the 
Hazeltine Electronics Corporation. All 
ground station equipment was made at 
the Naval Research Laboratory, and has 
been operated at White Sands under the 
technical direction of the Naval Re 
search Laboratory field group there. 


GENERAL DESCRIPTION 
The matrix telemetering system util 


zes pulse time modulation to convey 
thirty channels of input information. 
Data in the form of varying d.c. volt- 
ages is supplied to thé equipment from 


the various experiments. The data chan- 

‘Is are sampled successively and the 
is repeated at a 312.5 
A coded triple pulse identi- 
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Telemeter Trar 


transmitter. From this, signals are ob- 
tained at any particular time in the 
matrix which are used to generate the 
sweep voltages for the cathode ray 
tubes on which the data is presented as 
intensity modulation. Pulses generated 
at the beginning of each matrix inter- 
val are also applied to the display, and 
the scopes are photographed on a con 
tinuous film camera. There results a 
graph of the variation of the input volt- 
age with time, with reference lines 
(which do not vary in position) between 
each of the data lines. 

Each ground display has six cathode 
ray tubes upon which the thirty data 
channels can be applied in any com- 
bination. Sweeps of appropriate dura 
tion and timing in respect to the triple 


pulse are so arranged that one tube 
after another is swept in succession 
intil all channels are recorded. Addi 


tional information is also supplied on 


the record by the application of signals 
to the cathode ray tube to indicate time 
from a standard source. The system is 
calibrated by periodic application of a 
series of voltages to each channel in 
turn in the airborne set. 

The airborne transmitter is made in 
two units: the transmitter unit, and a 
battery box. The ground stations con 
sist of four standard size relay racks, 
the first of which contains the power 
control panel, receiver, monitor oscillo- 
scope, synchronization pulse discrimin- 


ator, matrix oscillator, scale ot 
counter and time base generators, 
power supplies. The other three ; 
are identical, containing the recor 
cameras and film magazines, recor: 
cathode ray tubes, sweep generat 
video amplifiers and power supp 
Two complete ground stations are 
ized per flight, with a galvanomete: 
corder used in conjunction with t 
for recording field strength of « 
station, plus that of a remote statio: 
a function of flight time. 

The overall functioning of the ma 
telemetering system may be underst 
in relation to the major component 
the equipment by reference to the b 
diagrams for the airborne station 


Matrix System Ground Station 


the ground station, respectively. 1 
block diagram for the airborne stat 
shows the 10 ke. oscillator to be 
initiating independent part of the « 
cuit. The sine wave output of this os 
lator is fed to a multivibrator wl 


is 





serves to shape it to derive a series of 


pulses 100 usec. apart from it. The 
pulses are fed through a cathode follo 


er to a bus feeding each of the 32 tubes 


of the electronic commutator. The 
tubes are arranged as a chain so c 
nected that only one tube can conduct 
a time. As any of these thyratron tul 
fires, it readies the next tube in t 


chain. Upon the appearance of the next 


pulse on the triggering bus, conduct 
shifts to the next succeeding tube, a 
so on down through the whole chai: 
thirty-two tubes, and the process 
repeated when the last tube readies t 
first tube for conduction. As each of t 
first 30 of the chain tubes fires in tu 
it generates a saw-tooth wave fi 
which is added electrically to the in; 
voltages for the channels. When 

sum of these two voltages reache 
predetermined level (as it will so: 
time during the 100 usec. interval) 
will cause its corresponding pick 

thyratron to fire, producing a time m« 
ulated output pulse. The greater t 
input voltage, the sooner the sum 
the input voltage and sawtooth w 
reach the critical voltage. The outp 


pulses from the various channels 
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4 There are several auxiliary units in 
o ) 
& 1025 MC‘) ANTENNA the monitor rack. The frequency mon- 
5 itor determines whether the matrix os- 
4 , cillator is operating on the proper har- 
5 MONITOR RECORDER Ln % monic of the 312.5 cycle synchronizing 
RECEIVER RACK RACK* a signal, and indicates the proper fre- 
4 REF, MARKERS quency by means of lights on the face 
: TT... VIDEO [100us = VIDEO, of the unit. The monitor oscilloscope is 
q pas 7 ? . .% CRT used for adjustment of the units and 
, a ) | [ : 1 34,56 for monitoring the signal during opera- 
— | TRIPLE PULSE ketal | VIDEO AMP tion. It is swept from associated gen- 
a 4 [; pise i | | | erators which are synchronized from 
: ics a Ri | 312.5 cycle and 10 ke pulse sources. Ap- 
no & | c ~ = VLG WY ¢ Y : sv S- 2h} 
% a svc PULSE [ os propriate power supplies are included in 
2 : ly i, ep |i p the unit, as are switches to contro] the 
3 /1Oke MATRIX | os al [/) "GEN | | SWEEP operation of the recording racks. 
; y| OSCILLATOR | __GE en a | CRT#! | CRT #2 Each of the three recorder racks con- 
n ¥ g os ; aah I | mF tains a double recording unit consisting 
¢] E w ee. or jt i >t ake of cathode ray tubes and a continuous 
. ‘hee ae | 4 44 film camera. Appropriately timed gates 
x lO ke PULSE from the monitor rack allow sweep gen- 
- | SHAPER | 4 ae erators to operate one after another 
rT [CRT] |CRT and, at the same time, unblank the 
f mq 10048 TRIGGER lai | |w2 cathode ray tube so that the video pulses 
; [ ih Ley \ ‘ from the receiver in the monitor rack 
9 ~ 
{ counTe sy ee can be presented as intensity modula- 
COUNTE pt cx tion on the tube. Necessary video am- 
= i .& plifiers are included in this unit, as are 
COUNTER STATES ee% . - circuits for mixing the video with tim- 
ie GATE _CRTel, | FILM ing signals and with the reference 
# GATE GEN. GATE._CRT #2. acs pulses generated by 10 ke matrix oscil- 
= § com - MAGAZINE lator on the ground. There are also suit- 
A ] [ U— GATES “ ——_—_—_~ able controls for positioning and focus- 
% {| -————— os ing the cathode ray tubes, as well as 
4 3,4,5,6 necessary power supplies. 
: i e a The image on the face of the cathode 
a Fig. 3. Block Diagram, Matrix System Ground Station ray tubes ia focused on. a sit on the 
= collected on a common bus and used criminator where the triple pulse is front plate of the unit by means of two 
i to modulate the transmitting tube. Also recognized and supplies a pulse which is lenses, placed side by side. A_ film 
® used to moduate the transmitter is the used to phase and frequency lock the 10 ™agazine is placed so that the image 
© triple pulse generated at the time of ke matrix oscillator to the airborne from both tubes is recorded on it as the 
& the firing of the thirty second chain oscillator. The output of the oscillator '™!M Is drawn continuously past. 
me tube. is shaped and fed into the scale-of-32 The total weight of the telemeter 
Fach ground station comprises four counter. This counter operates in syn- transmitter set, with batteries suitable 
acks of two main type of units. The chronism with the chain counter in the for thirty minutes operation, is about 
a M. mitor rack contains receiving and airborne unit. It is reset by the syn- 130 pounds. Two Willard type ER-8-28 
| decoding apparatus as well as a moni- chronizing pulse, when necessary, so 28 volt plastic cased storage batteries 
toring oscilloscope. Three recording that particular states correspond in #re used in conjunction with a vibrator 
© racks, all identical, are used with each both units. By means of resistor net- ‘type converter unit to provide the var- 
Ye ground station. works from different stages of the ious plate voltage and bias supplies, 
Referring to the block diagram for counter, the state selector delivers a plus four type ERH-25-2, 2-volt plastic 
the monitor rack, it should be noted that timed series of 100 usec. long pulses to Cased storage batteries for the filament 
heavy outlines and signal lines indicate a patchboard on the panel of the unit. Supplies. Total power requirements for 
the main units and signal paths. The Suitable connections are made to the the system are 15 amperes at 28 volts 
eceiver delivers the video signal on trigger and gate unit to form gates for and <0 amperes at 8 volts 
two lines— to the recording racks controlling the sweep circuits in the re- T he ground station operates on 110 
i into the synchronizing pulse dis- corder racks. volts, 60 cycles a.c. with a power con- 
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sumption of about 3000 watts. Voltage 
regulation of the primary power for 
these units is obtained from Sola Con- 
stant Voltage transformers. All plate 
supplies under 600 volts are electron- 
ically regulated against load variations. 
The high voltage supplies required for 
the cathode ray tubes are — 2000 volts 
obtained from a conventional trans- 
former-rectifier circuit, unregulated 
and + 10,000 volts obtained from an r.f. 
power supply operated from an elec- 
tronically regulated 300 volt power sup- 
ply. Due to the complexity of the ground 
station circuits, and the number of 
tubes involved, two complete and sep- 


arate ground stations are utilized for 
every flight. 

In normal flights six 942” film records 
of about 120 feet in length are produced, 
corresponding to about 450 seconds of 
flight. These films give a complete 
graph of voltage versus time for all 30 
channels, and are reproduced in the 
form of black line paper prints. 

Prior to the development of the Mat- 
rix system, the Naval Research Lab- 
oratory had developed and operated at 
White Sands a sequential telemetering 
system. This system, also utilizing pulse 
time modulation, sampled 23 channels of 
input data of from 0 to +5 volts at a 





rate of 180 samples per second, 


ur 
pulse output power of about | whe 
This system utilized dry batteries 4r q) 
plate supplies in the transmitte apg 
weighed 150 pounds installed. Ho ever 
due to lack of a coded synchro izing 
pulse and due to the method of ¢ -oung 
recording whereby each pulse re. ejve, 
actuated a metering circuit, the -engj. 
tivity of the system to noise w:s ay 
preciably greater than the Matri: gy¢. 
tem, giving frequent losses of rec ordeg 


record at ranges in excess of 90 
Results with the Matrix system in icate 
that satisfactory noise free recori's fay 
beyond this range are possible. 


Industrial Radar For Hurricane Tracking* 


By 


INTRODUCTION 
N explanation seems in order as to 
why an industrial corporation 
a manufacturing chemicals has ap- 
parently invaded the province of the 
U.S. Weather Bureau in tracking tropi- 
cal storms. The facts are that the pro- 





gram is not in competition with the 
Weather Bureau, but in cooperation 
with it; and it was undertaken in 


order to facilitate the chemical manu- 
facture. A hurricane need come no closer 
than a hundred miles to cause thousands 
of dollars loss to the Dow Plants. The 
vulnerability of the site on the Texas 
Gulf Coast and the nature of some of its 
operations require that plant shut down 
be started about twelve hours before the 
eccurence of hurricane winds. While 
the Weather Bureau’s service usually 
provides from one to several days warn- 
ing of the approach of a tropical storm, 
it would not be practical to keep the 
plant shut down at all times that a hur- 
ricane existed in the Gulf. An accurate 
method of tracking the storm is re- 
quired that will permit shutting down 
only when it comes within a critical 
radius of the plant. 

In seeking a method of pin-pointing 
hurricanes, several methods were con- 
sidered. The standard system in the past 
has been reports from ships in the 
storm area plus direct observations by 
reconnaissance planes. Since most ship 
masters avoid storm areas, and air- 
plane observations are very difficult and 
dangerous at night, this is not entirely 


iS 


satisfactory for keeping an accurate 
track of a storm. 
The micro-barometric survey has 


been proposed for predicting the path 
of a hurricane. This is an extension of 
the centuries old technique of watching 
the barometer. It involves a study of the 
minute short time variations in atmos- 


pheric pressure, or the atmospheric 
pressure “waves” associated with the 
storm. Much work remains to be done 


on this system. 

Micro-siesmic observations have been 
somewhat successful in some parts of 
the world. The earth vibrations caused 
by the storm waves and the ocean swel] 
are recorded and analyzed. This sys 
tem, however, holds little promise fo 
the Gulf Coast because of the geological 
formation of this area. 

The sferics method appeared favor 


able, and for several years Dow par 
ticipated in a program based on this 
| 4 I al « 
6 1949. St c M 
) i ‘ la 
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method. The system utilizes triangula- 
tion from simultaneous radio bearings 
of lightning static impulses from the 
It requires several observation 


storm. 


moves as though it were a giar 
spinning and sliding at the same 
This “forward” or sliding motion, whic 
it is sought to follow or predict, usually 





Fie 


stations and very good communications 
and coordination among them. More 
work might have been done on this 
method, but for the promise shown by 
radar. 

THE HURRICANE PROBLEM 

Before proceeding further it appears 
proper to give a brief description of a 
hurricane: This will explain why it is 
necessary to predict its approach 
hours or days in advance, and how it 
Is possible to do so. 

The hurricane is an area disturbance 
consisting of circular winds about 
calm center eye. Apparently most 
such storms originate in the tropics, 
but they travel far and may strike 
coastal areas anywhere in the tropical 
or temperate zones. Those in the north- 
ern hemisphere always rotate counter- 
clockwise, while those in the southern 
hemisphere rotate clockwise as viewed 
from above. Hurricanes are usually 
dangerous over a diameter of 100 miles 
or more, with the worst winds near the 
center. The calm area at the center may 
be several miles in diameter, and baro 
metric pressure may be as low es 
inches. In addition to the very severe 
circular winds, which may exceed 100 
per hour, the 


so 


a 


or 


as 


miles whole disturbance 


1 
ranges from 4 to 15 miles per hour 
However, the storm may stay in one 
spot for half a day or double back or 
its past track. 

A single storm may have a life as 
long as two weeks, during whict 


traverses thousands of miles of ocear 
Once the cycle started, energy is 
poured into the storm continuously Ip 
the form of warm moist air. This causes 
heavy rains as it spirals in toward the 
center and the resulting pressure drop 
provides impetus for continued winds 
and more rain. The storm usually dis 
sipates soon after hitting land areas 
but these hurricanes cause much dan 
age and of life on the Gulf and 
Atlantic coasts. They are invariably a 
companied by extremely high tides and 
usually by torrential rains. 

The inhabitants of inland areas 
have difficulty in comprehending the de 
struction of a hurricane, considering 
that the hundred-and-twenty five 
an hour winds are only a fractior 
great as those of a Great Plains twister 
The explanation is in the large area « 
ered and the high water. Tides of six 
teen feet have been experienced along 
the Gulf Coast, and forty foot stor 
tides are not unusual in some area 
Add to this the fact that many coa 


1s 


loss 
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nunities are from four to eight feet 
e sea level and it becomes apparent 
cyclone cellars are of no value. 
.yveral historic catastrophies have 
resulted from hurricanes, including 
i those encountered by Columbus and the 
i Gnunish Armada. On October 7, 1737, a 
n in the Bay of Bengal killed 300,- 
000 persons, and in 1864 another in the 
same area killed 50,000. The Galveston 
Ictorm of 1900 is a modern example of 
tthe fury of the Gulf Coast hurricane. 
This storm killed 2000 persons. A 1935 
storm in Haiti killed 2000. In recent 
years the loss of life has been less, 
chiefly because of better warning and 
F mass evacuation. 

| What property of a hurricane allows 
lit to be detected by means of radar? 
' During the war it was discovered that 
aircraft could hide in heavy rainstorms 
' and avoid detection by some types of 
© radar because the rain gave a radar in- 
4 dication of the same type as an airplane, 





sto 













but over a wide area. The indication was 
not changed by the presence of an air- 
craft in the rain area. Later it found 
* that hurricanes presented a distinct pic- 
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ture on these radar sets because of the 
rain which almost invariably accompa- 
nies them. Fig. 1 shows a typical pic- 
ture of the radar presentation of a hur- 
ricane on a plan position indicator. The 
picture is equivalent to a map or plan 
view of the area with the radar located 
it the convergence of the radial lines. 
These lines and the range circles form 

polar coordinate reference system 
ised to locate targets accurately with 
respect to the radar. The irregular white 
ares represent radar reflections from the 
bands of heavy rains. Radar returns of 


this type have been found to result 
from hurricanes in all parts of the 
world, and have never been observed 
from any other cause. The picture shown 
was made from the ’scope of a 10 em. 
Army radar during the 1945 hurricane 
h went up the Florida peninsula. 
How RADAR WORKS 
dar is characterized by elaborate 
pment and highly specialized tech- 
ies, but it is based upon very simple 
principles. Fundamentally it is an echo 
levice, identical in principle to the 
ods of the steamer pilots who blew 
the whistle and counted the seconds 


| the echo returned from the shore. 
Knowing the velocity of sound, a simple 
ulation gave the distance to the 
echoing object. By using radio waves 





ead of sound, the range of the device 
be greatly extended and the direc 
al accuracy improved. Origin of the 


BLOCK DIAGRAM OF PULSED RADAR 


word radar is somewhat controversial, 
but it is said to be an abreviation of the 
words RAdio Direction And Ranging. 
Fig. 2 shows the principal parts of a 
pulsed radar set in block form. The 
timing device serves as a program di- 
rector for the entire set, controlling the 
transmitter, receiver, and the presenta- 
tion device. Powerful pulses of radio 
energy are generated by the transmitter 
at the command of the timer. With the 
aid of reflectors similar to optical re- 
flectors, these very short pulses of en- 
ergy are radiated in a highly directional 
beam by the transmitting antenna. The 
receiver antenna and the receiver pick 
up the returned echo (if any) and send 
the notice of arrival to the presentation 
device. This device serves as a micro- 
stopwatch to measure the time required 
for the signal to echo from any target 
and gives a visual indication of this 
time. Usually the size and intensity of 
the echo and its azimuth bearing from 
the radar are also shown. In operation 
the timer causes the transmitter to 
send out a pulse of energy, at the same 
time starting the time-measuring pro- 
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cess in the presentation device. The re 


ceiver is desensitized during the few 
millionths of a second that the trans 
mitter functions so that the burst of 


energy will not paralyze it. 

A single such pulse will give an indi 
cation of all the echo-producing objects 
in the path of the radio beam. However, 
since it may be desired sweep the 
antenna rapidly through the complete 
360 degres of rotation and the 
complete area covered by the radar, pro 
visions must be made to send out rapid 
ly recurring pulses. Thus the timer is 
designed to wait only the minimum time 
required for the reception of echo 
from the maximum expected range be- 
fore repeating the cycle. In the event 
the antenna is not rotated, recurring 
echo pulses are indicated in the same 
position on the indicator and are in 
tegrated by the persistence of the phos 
phor on the cathode ray tube to give a 
more distinct indication. 

Practical radar sets may 
rangements considerably different fron 
that shown and usually have numerous 
additional blocks which perform auxi 
liary functions. Most sets have only one 
antenna which functions alternately for 
the transmitter and the receiver through 
the use of an automatic switch. Powe 
servo systems permit the operator to 
point the antenna in any desired direc 
tion by finger tip controls. Other devices 
may provide the automatic frequency 
control. 


to 


scan 


an 


have al 


Radar for general use or search us- 
ually is equipped with a type of pre- 
sentation known as the Plan Position 
Indicator. A more detailed description 
of this device will be of help on under- 
standing the photographs of the radar 
screen. In this unit, time is measured 
by radial distance which a spot moves 
from the center of the cathode ray tube. 
Direction in which the spot moves is 
made to coincide with the direction in 
which the antenna is pointing. That is, 
the spot moves from the center upward 
when the antenna points north, and 
from the center to the right when the 
antenna points eastward. Direction of 
search of the antenna is under the con- 
trol of the operator, but the direction of 
movement of the spot is always coor- 
dinated with it. The spot starts from the 
center at the time the radio wave is 


sent out, and moves from the center 
outward at constant speed. Reception of 
an echo is made to brighten the spot mo- 
mentarily. Since travel time is propor- 
tional to the distance to the echo pro- 
ducing object, and time also is propor- 
tional to the radial distance the spot 





has moved on the indicator, this gives 
a bright spot for each echo-producing 
object in its map or plan aspect with 
reference to the radar set. Hence, the 
name Plan Position Indicator or PPI 
Distance and angles may be scaled di 
rectly on this presentation. 

The factors affecting radio propaga 
tion and the question of what causes 
a radio reflection or echo have been 
studied in great detail in connection 
with the wartime radar program. In 
general, any conductor of electricity o1 
any insulator with properties greatly 
different from the atmosphere may 
cause a radio reflection. The reflectior 
is usually diffuse, comparable to light 
reflected from a rough surface. To pro 
duce a strong echo, the object must be 
of a size comparable to or larger thar 
a half wavelength of the radio wave 
However, much smaller objects such as 
drops of water cause reflection: 
ind if there are enough of these objects 
in a given area, an echo will be received 


some 


Calculations show that the energy re 
turned from a drop of water varies as 
the sixth power of the ratio of drop 


diameter to wavelength. 

Practically, this means that 3000 M« 
or 10 em radar sets will “see” rain, 
while 100 Me or 500 Me will not. Rada 
operating on 10,000 Me or 3 em will in 
dicate the presence of light rain or fog 
Water drops of a minimum diameter of 
1.2 millimeter are indicated by 1 
em radar. Another point which should be 


about 
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emphasized is that an object need not 
be opaque to radio waves in order to 
produce an echo. Just as a pane of glass 
may transmit 90% of the light striking 
it and still give a reflection, so may an 
object produce a radio echo and still 
transmit a large percentage of the sig- 
_ nal. At times many as three rain- 
storms in a row radiaily from a radar 
have been seen in the radar ’scope. 
Radio energy of wavelengths com- 
monly used in radar work travels es- 
sentially in straight lines, just as light 
does, and diminishes as the square of 
the distance from the source. Under 
normal atmospheric conditions there is a 
slight bending in the vertical plane 
which extends the radar horizon slight- 
ly beyond the optical horizon. To be 
“seen” by a radar set with its antenna 
at 25 feet elevations, an object at a 
range of 100 miles must have an eleva- 
tion of about 4,000 feet, while at 300 
miles an object must be about 40,000 
feet high.* Thus, it is seen that there is 
a definite limit to the range that may be 


as 





1 } 
! | 


attained, even though a very large 
amount of power is used. Meterologists 
are in general agreement that the cen- 
tral core of a hurricane may rise to 
50,000 feet, but the maximum height 
at which water drops are present is 
probably somewhat Because of 
these considerations, it appears that no 
radar of present design located on the 
ground will be able to detect a hurricane 
at ranges much in excess of 300 miles. 
Occasionally radar targets are detected 
at ranges far beyond the optical hori- 
zon. This is caused by anomalons atmos- 
pheric conditions which create a duct o1 
layer through which radio waves are 
led around the earth’s curvature. Un- 
fortunately this phenomena cannot be 
relied upon to extend radar coverage. 
INSTALLATION DETAILS 

When it was decided to install a rada 
set for the purpose of tracking storms, 
the question of the most suitable type 
The Weather Bureau recommend- 
ed the SCR-584 or 784 since these sets 
are designed for about 3000 Me (10 em) 
and have adequate power. A trailer- 

ounted SCR-784 was purchased and 
certain necessary modifications were 
nade with the assistance of Weather 
Bureau personnel. The installation was 


less. 


arose, 


*R=1.4! H VH 2 is re 
r and H; and He are heights of radar and 


made under terms of an agreement 
whereby all data obtained with the ra- 
dar would be sent directly to the Weath- 
er Bureau and would be released to the 
public only through that agency. A fed- 
eral communications commission license 
was obtained for the radar station. 

The set was located about two miles 
from the open Gulf on land about 18 
feet above sea level, with a clear view 
seaward. The trailer was supported on a 
concrete foundation and a stout, well 
guyed building was constructed around 
it. An emergency gasoline power unit 
was housed separately nearby. Fig. 3 
shows the complete installation. 

The SCR-784 is a gun-laying radar 
with automatic tracking arrangements 
designed to cause the antenna to con- 
tinuously point at a fast moving target 
once it has been placed “on” it. Needless 
to say, this feature is of no value in 
tracking storms. Other features of a 
gun-laying set are very short pulse 
width or length of time during which 
energy is transmitted, and relatively 


wholly arbitrary ranges. Range ma ke, 


circuits were changed to give ref¢ ee 
marks on the PPI ’scope correspo: 
to ranges of 20 mile increments. 1  ¢<, 
assist in determining the exact 


to a target, since the indicator ci). \jt, 


may have faults which result ir 
linearity of the picture. 

This completed the necessary d 
fications, but several others were } jac 
in the interest of improved efficie: 
larger parabolic antenna reflecto 
installed in order to focus the 
waves into a sharper beam and 


give a higher concentration of ener, 


and improve ability to resolve ta 
near one another into separate pic 
rather than merging them into a 


pattern. The original military desig») ye- 


quired very high resolving powe) 
achieved it by spinning the very sli; 
off-set antenna to produce a d 
beam that rotated about the axis of the 
antenna. However, this was effective 
only in the automatic tracking ci: 

and did not improve the picture on t 
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short design range. This does not imply 
a lack of power, but rather a short lis- 
tening period between transmitted 
pulses. The peak power of the set dur- 
ing the .8 microsecond transmitted pulse 
is 250 kilowatts, or five times that of 
the most powerful commercial broad- 
cast station. 

Modification of the set for the weath- 
er work began with a slowing of the 
pulse repetition frequency to give more 
listening time between transmitted 
pulses. Additional multivibrator stages 
were added to the timing circuits to 
give a frequency of 188 pulses per sec- 
ond, which permits reception of echoes 
from objects 300 miles distant. Then 
the presentation unit was modified to 
cause the cathode ray spot to sweep 
more slowly, corresponding to the time 
required to receive echoes from the 
longer range. Multiple ranges of 100, 
200, and 300 miles were provided, with 
a selector switch to choose among them. 
[It must be recognized that range as used 
here refers to the distance equivalent 
of time of sweep of the indicator oscil- 
loscope. Any arbitrary range may be 
placed on the ’scope up to the limiting 
transmitted 


time interval between 
pulses; however, there is no assurance 
that echoes will be received from these 


SHOWERS OVER TEX AS—FEast Coast states enjoyed 
fair and warm weather. Showers and thunderstorms 


Were 
st. Lawrence valley southwestward to 
Most of the Western states had 


Thursday. 


Texas 


Fig. 5 


PPI oscilloscope. The larger refle 
improved the PPI resolution as we 
giving the effect of increased trans 
ter power and receiver sensitivity. 
The slowing of the pulse repetit 
frequency previously mentioned resulte 
in a reduction in the average energ 
transmitted by the station, since ea 
pulse contains a definite energy and the 
number per second was reduced. In 0: 
der to increase this average energ! 
output, the pulse width or time during 
which the transmitter is energized 
increased from the original .& n 
second to 1.6 microsecond. In gen: 
average power is unimportant so long 
as peak power is maintained, b 
pulse of longer duration improves thé 
signal from a diffuse object or one wit! 
depth, such as a rainstorm. This greate 
pulse width gives poorer resolution 1! 


range, but it is still more than ad 
quate. From consideration of the spe¢ 
of radio waves as 186,000 miles pe 


second, cr one two-way mile in app 
mately 11 microseconds, a pulse of 
microseconds duration gives a poss Die 
resolution in range of about one-sevent! 
mile. However, this cannot be reali“ 
on a small PPI presentation. Ar 
panded sweep of a portion of the lis 
ing time interval would show detai 





























this order. While this would be interest- 

it does not come within the scope 
of the prozrain for practical lLurricane 
tyicking. ‘ine angular resolution of the 
lified equipment is of the order of 
two degrees, which means that at a 
ge of 100 miles isolated objects less 
than four miles apart will have their 
echoes merged. This difference between 


angular and range resolution causes 
int targets to produce elongated pic- 
es with the long axis tanvent to 


2e circles. 

ther modifications made included in- 
ation of a new pre-amplifier and a 
rer PPI tube. The pre-amplifier for 
‘eceiver was of newer and more ei- 
t design, giving better receiver per- 
rmanee. A larger PPI tube added 
nothing to range or sensitivity of the 
equipment, but permits a more detailed 
study of echoes. Camera equipment was 
arranged to permit rapid photographing 
of the screen with convenient means for 
identifying each picture as to date and 
hour. An automatic camera was also ar- 








Fig. 6 
ranged to take picture every minute. 
When projected a: movie film, the 
ecord of t camera should be very 

resting. As modified, the equipment 


s considered entirely satisfactory for 
her work. The most serious limi- 
is that imposed by the horizon, 

» curvature of the earth. 


RESULTS 


Was installed 


Lite he equipment 
dified. many observations were 
to test the range and accuracy. 
i jerstorms and isolated rains were 


ed and telephone calls were placed 

rify the actual weather at the 
where rain was indicated. Agree- 

vas surprisingly good. This pro- 

Vas sometimes rather amusing 

a distant airport or weather sta 

vas called and the attendant was 

{a series of questions apparently 

{ on mindreading or intuition. 
Questions such as, “Has it been raining 
re for about fifteen minutes?” or 
id the rain storm approach from the 
east ?” usually evoked surprise and 
ement—at least when the answers 
affirmative. Some cases of dis- 
ement were apparently caused by 
in the upper atmosphere which 
orated before striking the ground. 
ts were consistent enough to indi 
that rain will always be indicated. 


M storms have been observed at 





ranges greater than 200 miles, at least 
one at 240 miles being veriied. Echoes 
from 280 miles have been observed. 
Several times the radar screen has pre- 
sented a picture of a line squall that 
agreed very closely with a front indi- 
cated on the official weather maps. Fig- 
ures 4 and 5 indicate one case of this 
type. Geographical features were dub- 
bed in to better orient the ’scope photo- 
graph. This picture also illustrates a 
case of the radio waves penetrating 80 
miles of solid rain and still retaining 
power to produce an echo from rain 100 
miles distant. 

A program was set up for daily ob- 
servations during the hurricane season 

from the middle of June to the first 
of November. Daily observations are 
considered sufficient at times when no 
hurricanes are known or suspected to 
be within range of the equipment. When 
general weather observations indicate 
the likelihood of storms, the Weathe) 
sureau requests that additional obser- 
vations be made. The results of all such 


observations sent to the Weather 
Dureau. 

In the event that a tropical storm is 
known to be approaching, the equip- 
ment is manned continuously. A weath- 
er consultant is on hand to interpret the 
results and direct the experimental pro 
Experience during the war indi 
that considerable information 
about a hurricane may be revealed by 


screen. 


are 





one observation on the radat 
The center or 5 
usually well defined as a clear area con 

pletely or partially surrounded by heavy 
rain. Even before the main part of the 
storm within range, the squall 
line associated with it may provide some 
information. These squalls may be from 
40 to 100 miles from the and 
they are thought to run at right angles 
to the line of progress of the storm. 
It is also generally acknowledged that 
rains are heaviest in the right front 
quadrant of the moving storm—this is 
based on storms in the northern hemis 
phere, which always have counterclock- 
wise rotation as viewed fron 
When observing a storm moving radial 
ly, that is, approaching the radar, the 
movement should be apparent from ob 
servations taken 15 minutes apart. This 
contemplates a speed of four miles pe 


eye of the stom Is 


comes 


center 


above. 


hour and a range resolution of the radar 
of one mile. 
As an experimental program, effort 


will be made to obtain a vertical profile 
of the hurricane core by taking succes- 
sive photographs as the angle of an- 
tenna elevation is increased. If this is 
successful at all, it will probably be at 
rather short ranges, since the angula: 
resolution is hardly adequate for this. 
Fortunately, the hurricane data ob- 
tained thus far with this equipment has 
been of a negative nature. That is, the 
first hurricane season and a portion of 
the second have elapsed with no hurri- 
canes having presented themselves fo 
observation. This does not dampen en- 
thusiasm for the program in any way. 
The range and reliability of the equip- 
ment having been proved on rainstorms, 
Company management can rely on the 
absence of hurricane patterns with as 
much confidence as if a storm were pic- 
tured on the screen—and with consider- 
ably more complacency. It must be 
acknowledged that the hurricane which 
struck New Orleans on September 3, 
1948, passed within 300 miles of the 
radar. The Weather Bureau’s_ track 





shows it passing about 270 miles to the 
Freeport. No indication of a 
hurricane or even of rain was obtained 
during its However, this par 
ticular disturbance barely qualified as a 
hurricane, the highest wind velocity be 


east of 


course, 


ing 70 miles an hour. Undoubtedly it 

did not reach the altitude required for 

radar observatio it this extreme range 
CONCLUSIONS 

No atte pt wi be made to draw 

conclusions regarding the radar method 


The method was 
during the 
publicized one be 
September 14 to 15, 1945, hur 
tracked up the Florida 
Peninsula by a lf radar at 


Orlando 


of tracking hurricanes. 
\ ified by t 
the most widely 


immerous Cases 





ing the 
ricane which was 


centimetel! 


The equipment as insta ed and mod 
ied at Freeport, Texas} has 


fi been found 
to be accurate and reliable. 
h 


Although nm 





1urricane has been observed, results o1 
rainstorms indicate a conservative rang‘ 
f 200 miles. From the vewpoint of 


Company management, the program has 
been practical and valuable in maintair 
ing uninterrupted plant operation du? 
ing threatened hurricanes. As a conse 
quence of the demonstrated practicabi 
ity of radar equipment and the previous 
Army in tracking | 
seems very desirable to 


overlapping coverage of the 


SUCCESS of the 





canes, it 


entire Gulf 
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and lower Atlantic Coasts. With a chain 
of these modified weather radar stations 
and the increasing use of general navi- 
gational radar by ocean vessels, tremen- 
dous improvements in detecting and 
tracking hurricanes should be realized. 
Besides permitting intelligent evacua- 
. tion of threatened areas, this will pro- 
vide a powerful tool for expanding the 
knowledge of these terrible storms. 


AUTHOR’S NOTE 

Since presentation of the above arti- 
cle at the September Instrument Con- 
ference in St. Louis, some new and 
interesting results have been obtained 
with the equipment. During the Gulf 
hurricane of October 2-4, 1949, the set 
was operated during the 24 hour inter- 
val before the storm hit the coast and 
still and moving pictures of the screen 
were made. 

When first spotted by the Weather 
Bureau, this storm was nearly 600 miles 
south of the radar equipment, but it 
moved rapidly northward and shortly 
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Meeting at 8:00 P.M., Engi- 
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Control,”” Dr. A. QO. Beck- 
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Chemical Co 
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after noon of October 3 it was reported 
within 200 miles of the station. At that 
time the scope showed two long squall 
lines of definite curvature, but there 
were no positive indications of a hurri- 
cane. There was a single bright echo 
near the reported center of the storm. 
By 1:30 this spot had added faint con- 
centric arcs and was definitely identified 
as the storm center. Figure 6 shows a 
photograph made at 1:40 p.m, October 
3. As the storm continued to approach 
the station, its forward progress was 
estimated with good accuracy. Figure 7 
shows a photograph made shortly before 
the equipment was shut down for fear 
of wind damage. 

The storm passed inland about 15 
miles west of the station at midnight. 
Maximum winds at the radar were 91 
miles an hour, and tide was eleven feet 
above mean low tide. This was not a 
severe hurricane, and damage was 
largely confined to growing crops and 
utility lines. 


Detection of this rather mild hi »r;. 
cane at a range of 180 miles cont rms 
previous estimates of the reliable r: nge 
of the equipment and demonstrate jt: 
value in providing warning of ap. 
proaching storms. 
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EMPLOYMENT SERVICE 


Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


INSTRUMENT SALES ENGINEER. Opening 
for man with mechanical and electronic engi- 
neering background with sales experience and 
aptitude. Work with research type instruments 
with some industrial applications. Position in- 
volves technical correspondence, application 
work, some traveling. Lecation: Cleveland. 
Box 267. 








. . . 

PHYSICIST. For design and development of 
electronic and mechanical instrumentation 
equipment used in the pursuit of flight research 
work. Several years of theoretical and practical 
Salary commensurate with 
position. Give details 
Buffalo. Box 268. 


experience necessary. 
qualifications. Permanent 
in first letter. Location: 
. . o 
DESIGNER or draftsman experienced in time 
cleck mechanisms. Old, medium-size company, 
near New York City. Give complete resume of 
background in first letter. Box 269. 
* . : 
PHYSICISTS. PHYSICAL CHEMISTS, RE- 
SEARCH METALLURGISTS of Ph. D. level or 
equivalent, with training and experience in 
physics of solids, theoretical physics, nuclear 
physics, chemica) kinetics, plasticity of metals, 
diffusion of solids are needed in the Research 
Department of Westinghouse Atomic Power 
Division. The work is concerned with the de- 
velopment of nuclear power sources, and includes 
studies of the effect of radiation on materials, 
creep and diffusion in metals, neutron physics 
of reactors, and experimental nuclear physics. 
These positions offer unique opportunities for 
participation in a research and development 
project with stimulating immediate and long- 
term objectives. Write giving particulars of 
experience and professional references. Location: 
Pittsburgh, Pa. -_— 270. 
or 

ENG INEERS oR PHYSICISTS 
years’ experience in the 
UHF and VHF circuit 
(b) design of servomechan- 
(c) design of carrier- 
The position 


ELECTRON i« 
with from 3 to 16 
following fields: ‘a) 
and antennae design, 
isms and control circuits, 
type strain-gage recording systems. 


will require personnel who can supervise engi- 
neers and/or technicians, design equipment and 
follow construction and necessary trouble-shoot- 
ing after installation. This work is required for 
the flight testing of piloted and pilotiess air. 
craft. Chance Vought Aircraft, Dallas, 
Box 271. 


Texas 


. 7 . 
DESIGN ENGINEER OR SENIOR DRAPTS. 
MAN by Instrument Manufacturer for design 
ef cabinets and cases for electronic equipment 
for Government specific end use such as ship- 
board installation, man-borne equipment and 
portable cabinets for field use. These units mast 
be designed with specific thought to such factors 
as weight, size, weather tests, splashproof or 
immersion requirements, plus finishes in accord- 
ance with Government specs. Some knowledge 
of gears, differentials and other mechanical 
components. Knowledge of shop equipment 
as to design parts with minimum amount of 
special tooling. Adequate housing availabic 
Location: Hampton, Va. Box 272. 

. . 7 
INSTRUMENT MECHANICS. Two. Thoroughly 
qualified installing, calibrating, and servicing 
all types of measurement and control instro- 
ments used for chemical or refinery proces: 
control. Must be particularly well versed in 
pneumatic control and transmission instruments 
and devices. Starting rate $2.01 per hour with 
benefits and opportunities of a large company 
Advancement to $2.10 per hour after six month 
Include in first letter complete details of ex- 
perience, training, education and availability 
Location near Elizabeth, N. J. Box 273. 

. . . 
INSTRUMENT PERSONNEL. Draftsmen, De 
signers, Preject Engineers. Experienced in air- 
craft or industrial pressure instruments, gyre- 
scopes, flight-test instrumentation and controlling 
switches. Give full details of background in 
first letter. Location: California. Box 274 

. 7 . 
SUPERVISOR OF ELECTRONICS 
STRUMENTATION responsible for 
design and development of special purpos 
instruments for the measurement and _ recoré- 
ing of flight test data and for the installation 
of test equipment. Preliminary analysis of test 
results and preparation of formal reports fer 
dynamic testing of experimental and production 
aircraft. Supervisory responsibility of fifty 
engineers and technicians. Preparation of time 
schedules for tests to meet dates and cost est- 
mates to meet budgetary requirements. Mast 
be engineering graduate with broad knowledge 
of mathematics, physics and with a specialized 
knowledge of aircraft instrumentation an¢ 
electronics. Location: Texas. Box 275. 
. . - 

DEVELOPMENT AND APPLICATION ENGI 
NEER. Experienced in designing, building, and 
field application of specialized electrical ane 
mechanical and test equipment. Opportunity 
introduce, develop and apply new test equipment 
in utilities, industrials and railroads. Well 
established, medium-size company. Locaton 
East. Box 276. 


AND IN 
selection 





en 
fe 
rate | 
py me 
t tw 
the fle 
ities. 
runne 
was ¢ 
the I 
who 1 
on W 
throw 
The 
orifice 
for p! 
meast 
to th 
field | 
differs 
comm 
Gla 
differs 
far bi 
have 


great 
These 
of me 
The 

water 


much 


eacn 


JOUKNAL of the 


Southern California Meter Association 










President: R. Frank Fields 
Vice-President: James E. Adams 
Secretary-Treasurer: George H. Forster, 2916 Eucalyptus Ave., Long Beach 6, Calif. 





Auditor: John T. H. Morris 
Past-President: J. 


C. Groenewegen 














By CLAUDE B. NOLTE, 





WA 
4 N 1886, a distinguished American 
fo J ensinecr Clemens Herschel, per- 


fected a device for determining the 
rate of flow of water through conduits 
by measuring the difference in pressure 
at two positions in the conduit, where 
the flow stream has two different veloc- 
ities. His primary device, the fore- 
runner of the present-day orifice plate, 
was called a Venturi tube in honor of 
the Italian physicist, G. B. Venturi, 
who in 1797 formulated the principles 
which the measurement of flow 

through differential producers is based. 

The development of Venturi tubes, 
P orifices, nozzles, etc., created the need 
| for practical industrial instruments for 
F measuring pressure differences and led 
to the development of a whole new 
field of science and industry: precise 
differential pressure measurement on a 
commercial scale. 

Glass-tube manometers for measuring 
differential pressures were known 
far back as the middle ages and may 
have been used by Roman engineers 
for measuring static pressures in the 
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great waterworks system in Rome. 
These pioneer engineers were aware 






of methods of regulating water flows. 
The service connections on the city 
water mains were fitted with stopcocks 
much the same as we use today. Beyond 
each stopeock a straight, smooth 
striction tube of definite diameter and 
ength was placed in the piping to limit 
the amount of water each householder 
might withdraw. Presumably, the cus- 
tomer paid much a month for a 
certain size tube, a greater amount for 
rger one. Thus, although flow meter- 
ig as we know it today began sixty 
years ago, the rudiments, at least, wer 
recognized nearly 2000 years ago. 
Today, the successful use of Venturi 
and of other primary devices, 
requires a sensitive instrument foi 
measuring accurately small changes in 
sure differences, even when static 
sures are high. The familiar mer- 
-filled U-tube manomete? has 
: rgone vast improvements (Fig. 1). 
‘clay, the level of the mercury is 
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longer observed through glass walls: 
Instead, a metallic float follows 
level of the mercury in the 
chamber. The use of chambers 


two different diameters reduces 


larger 
with 
the 


travel of the float so that its position 





Fig. 1 
may be readily transmitted outside the 
pressure casing through a system of 


levers and shafts. A seal is made around 
the main transmission shaft by a pre- 
cision lapped bearing of stainless steel; 
or magnetic couplings do away with 
the need of stuffing-boxes, etc., fo 
sealing shafts. In its present form, the 
ficat type manometer is widely used in 
industry. For many applications, it is 
doubtful indeed if any other mechanism 
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will ever take its place. Still, it does 
have limitations. 

The float type manometer 
lend itself readily to use aboard air- 
craft where the instrument may be 
subjected to forces of a lateral type 
which tend to drive the float against 
the case or its guide rods. The float type 
manometer may be made portable but 
it must be leveled precisely to obtain 
accurate results. Moreover, the weight 
of the mercury alone makes a light- 
weight unit difficult to produce. If an 
excessive differential pressure is ap- 
plied, the mercury may be blown out 
of the instrument and lost. Even though 
check valves and ‘atch-pots 
have been devised to prevent or reduce 
these mercury consumption is 
still high. This is not only caused by 
over-ranging, but by the activities of 
the mercury thief as well. A float typ« 
recorder contains enough mercury to 
make an evening’s work for the thief 
quite profitable. 

These problems are only annoyances, 
however. The primary reason that othe: 
means of differential pressure measure- 
ment have been sought stem from some- 
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thing more basic. Mercury forms 
explosive compounds with common 
chemicals such as ammonia. Appar- 


ently, the compounds are stable at high 
and break down only when 
disturbed after the pressure has beet 
released. The float type may be 
safe enough when in may 
become a “booby trap” inwary 
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The photographic industry 
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will fog photographie emulsions 
as readily light, x 
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and lower Atlantic Coasts. With a chain 
of these modified weather radar stations 
and the increasing use of general navi- 
gational radar by ocean vessels, tremen- 
dous improvements in detecting and 
tracking hurricanes should be realized. 
Besides permitting intelligent evacua- 
, tion of threatened areas, this will pro- 
vide a powerful tool for expanding the 
knowledge of these terrible storms. 


AUTHOR'S NOTE 


Since presentation of the above arti- 
cle at the September Instrument Con- 
ference in St. Louis, some new and 
interesting results have been obtained 
with the equipment. During the Gulf 
hurricane of October 2-4, 1949, the set 
was operated during the 24 hour inter- 
val before the storm hit the coast and 
still and moving pictures of the screen 
were made. 

When first spotted by the Weather 
Bureau, this storm was nearly 600 miles 
south of the radar equipment, but it 
moved rapidly northward and shortly 
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after noon of October 3 it was reported 
within 200 miles of the station. At that 
time the scope showed two long squall 
lines of definite curvature, but there 
were no positive indications of a hurri- 
cane. There was a single bright echo 
near the reported center of the storm. 
By 1:30 this spot had added faint con- 
centric arcs and was definitely identified 
as the storm center. Figure 6 shows a 
photograph made at 1:40 p.m, October 
3. As the storm continued to approach 
the station, its forward progress was 
estimated with good accuracy. Figure 7 
shows a photograph made shortly before 
the equipment was shut down for fear 
of wind damage. 

The storm passed inland about 15 
miles west of the station at midnight. 
Maximum winds at the radar were 91 
miles an hour, and tide was eleven feet 
above mean low tide. This was not a 
severe hurricane, and damage was 
largely confined to growing crops and 
utility lines. 











Detection of this rather mild h 
cane at a range of 180 miles con 


é e mis 
previous estimates of the reliable r.nge 
of the equipment and demonstrat« its 
value in providing warning of ap. 
proaching storms. 
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History of Bellows-actuated Flow Meters’ 


By CLAUDE B. NOLTE, Vice President, Barton Instrument Corporation, Los Angeles, Calif. 


Clemens Herschel, per- 
fected a device for determining the 
rate of flow of water through conduits 
by measuring the difference in pressure 
at two positions in the conduit, where 
the flow stream has two different veloc- 
ities. His primary device, the fore- 
runner of the present-day orifice plate, 
was called a Venturi tube in honor of 
the Italian physicist, G. B. Venturi, 
who in 1797 formulated the principles 
on which the measurement of flow 
through differential producers is based. 
The development of Venturi tubes, 
orifices, nozzles, etc., created the need 
for practical industrial instruments for 
measuring pressure differences and led 
to the development of a whole new 
field of science and industry: precise 
differential pressure measurement on a 
commercial scale. 

Glass-tube manometers for measuring 
differential pressures were known as 
far back as the middle ages and may 
have been used by Roman engineers 
for measuring static pressures in the 
great waterworks system in Rome. 
These pioneer engineers were awart 
of methods of regulating water flows. 
The service connections on the city 
water mains were fitted with stopcocks 
much the same as we use today. Beyond 
stopcock a straight, smooth re- 
striction tube of definite diameter and 
length was placed in the piping to limit 

amount of water each householder 
might withdraw. Presumably, the cus- 
tomer paid so much a month for a 
certain size tube, a greater amount fo 
a larger one. Thus, although flow meter- 
ng as we know it today began sixty 
years ago, the rudiments, at least, were 
ecognized nearly 2000 years ago. 

Today. the successful use of Venturi 

s, and of other primary 
res a sensitive instrument for 
suring accurately small changes in 
sure differences, even when static 
sures are high. The familiar mer- 
-filled U-tube manometer has 
rgone vast improvements (Fig. 1). 
ay, the level of the mercury is no 
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walls: 
the 
larger 


longer observed through glass 
Instead, a metallic float follows 
level of the mercury in the 
chamber. The use of chambers with 
two different diameters reduces the 
travel of the float so that its position 


the 


system ot 


may be readily transmitted outside 
pressure casing through a 
levers and shafts. A seal is made around 
the main transmission shaft by a pre- 
cision lapped bearing of stainless steel; 
or magnetic couplings do away with 
the need of stuffing-boxes, ete., for 
sealing shafts. In its present form, the 
flcat type manometer is widely used in 
industry. For many applications, it is 
doubtful indeed if any other mechanism 
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will ever take its place. Still, it does 
have limitations. 

The float type manometer doesn't 
lend itself readily to use aboard air- 
craft where the instrument may be 
subjected to forces of a lateral type 
which tend to drive the float against 
the case or its guide rods. The float type 
manometer may be made portable but 
it must be leveled precisely to obtain 
accurate results. Moreover, the weight 
of the mercury alone makes a light- 
weight unit difficult to produce. If an 
excessive differential pressure is ap- 
plied, the mercury may be blown out 
of the instrument and lost. Even though 
check valves and mercury catch-pots 
have been devised to prevent or reduce 
these mercury consumption is 
still high. This is not only caused by 
over-ranging, but by the activities of 
the mercury thief as well. A float type 
recorder contains enough mercury to 
make an evening’s work for the thief 
quite profitable. 

These problems are only annoyances, 
however. The primary reason that othe: 
means of differential pressure measure- 
ment have been sought stem from some- 
more Mercury forms 
explosive compounds with common 
chemicals such as ammonia. Appar- 
ently, the compounds are stable at high 
pressures and break down only when 
disturbed after the pressure has 
released. The float type meter may be 
safe enough when in service but may 
become a “booby trap” for the unwary 
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in only minute quanti- 
photographic emulsions 
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an't be 
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industry 
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radically. Such sulphur compounds are 
present in certain crude oils and gases. 
In these services the float type meter 
won’t work without seals, which at 
best are a nuisance and may even pro- 
duce erroneous readings if they're not 
properly handled. 

Some of the limitations of the mercury 
float manometer are not present in a 
meter operating on the principle of the 
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deflection of a flexible metallic bellows. 
The bellows-actuated meter may be 
made quite compact. The size of the 
meter doesn’t change appreciably with 
increases in differential pressure range. 
Changes in range may be made without 
replacing major parts. The bellows type 
meter doesn’t require mercury or any 
other liquid to balance out the differen- 
tial pressure, hence it may made 
light and quite portable. The bellows 
type meter lends itself admirably to 
the use of a torque-tube instead of a 
pressure-tight bearing or stuffing-box 
for the transmission of bellows position 
to the indicating or controlling mech- 
anism. This in turn, results in fewer 
service problems, especially in high- 
pressure gas measurement. 

From a theoretical view, the bellows- 
actuated meter has certain positive 
advantages over a_ liquid-manometer 
type of meter. In commercial use, how- 
ever, definite problems are en- 
countered. Commercially-available bel- 
lows were, for a number of years, not 
entirely suitable. Spring rates and 
effective areas weren’t constant: varia- 
tions in these two factors introduced 
complications in calibration, partic- 
ularly when the bellows was to be 
replaced by the instrument user. The 
high degree of sensitivity of bellows 
type recording meters was a handicap 
in handling pulsating flows because the 
instrument response could not be readily 
damped. 

By 


was 


be 


some 


far the most serious problem 
the protection of the bellows 
against damage if an excessive differen- 
tial pressure should be accidentally 
imposed across the instrument. If the 





Page 80—Instruments—Vol. 2 





bellows was made sufficiently strong to 
withstand the full operating pressure 
imposed across it, the deflections for 
normal differentials required extensive 
magnification. This introduced the prob- 
lem of combating friction if the 
magnification was done mechanically, as 
is the case in most industrial appli- 


cations. A bellows capable of with- 
standing high internal pressure is more 
subject to hysteresis because of the 


geometrical relationship between bel- 
lows diameter and bellows metal thick- 
ness. As a compromise it was necessary 
to use a relatively fragile bellows and 


7 
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Fig. 3 


depend upon relief devices or careful 
operating procedures to prevent bellows 
damage. 

Flexible metallic bellows were pro- 
posed for use in pressure-measuring 
mecnanisms shortly after the work of 
Venturi, but, unfortunately, practically 
ne information has been handed down 
to us about these early devices. Eugene 
Bourdon, the capable Frenchman who 
is credited with inventing the static 
pressure element bearing his name, also 
patented a_ bellows-actuated aneroid 
barometer in 1852. 

The United States patent office offers 
us the opportunity to take some 
interesting glimpses into the history of 
bellows-actuated differential pressure 
gages, and. incidentally, take a look at 
trends in the development of bellows 
manufacturing methods as well. 

A patent was granted in 1901 for a 
bellows-actuated boiler water-level gage 
(Fig. 2). To overcome the problem of 
stuffing-box friction and leakage, the 


inventor simply enclosed the entire 
mechanism (movement, pointer, scale 
and all) inside a case with a glass 


cover. The higher pressure, represented 
by the steam pressure plus the liquid 
head in the condensing leg, was con- 
ducted to the outside of the bellows, 
while the lower pressure at the base of 
the boiler (produced by the steam pres- 
sure plus the liquid head in the boiler) 
introduced inside the _ bellows. 
Although the inventor also mentioned 
the of this gage as a method of 
measuring pressure drop across the 
valves, he seems to have been wholly 
unaware of its possibilities as a flow 
This unfortunate, because 


was 


use 


meter. Was 


it would have worked admirably wi , , 
Venturi tube as an indicator of 4, 
pressure water flows. In fact, ai 5 
five years ago, a manufacturer, p) \. 
inent in the water-works field, pl: ced 


a gage on the market that oper 
on this very principle. 
The next patent, granted in ©} 


(Fig. 3), is of interest because 
the first one to describe a bellows 
meter for use with a primary d 
(in this case a Venturi tube) for mas 
uring flow rates. This inventor 
posed the first system for preven 
damage to the bellows as a resu! 




















Fig. 4 
excessive flow rates. The bellows was 
designed to compress with increasing 


differential pressure and the bellows 
convolutions were shaped to fit int 
one another and thereby prevent dis 
tortion, even if the assembly 
completely. The proposed method 
transmitting bellows motion  outsid 
the pressure chambers was wholly ur 
satisfactory, and this may have led t 
the development of a mechanisn 
patented in 1913, using a pair of bel- 
lows in conjunction with a_ flexib 
diaphragm (Fig. 4). The movement 
the diaphragm and the bellows, up 
application of pressure differences 
chambers 1 and 2, was transmitted 
to the indicating mechanism through a 
rod connected to the inner end of on 
bellows. Because of the limitation in 
posed by the strength of the transmit- 
ting bellows, this unit could be used 
only for relatively low static pressures 
The second idea shown in Fig. 4 is a! 
alternate method of combating the 
problem of pressure-bearing leakage 
and friction. The bellows assembly was 
to bent by the flexing of the dia 
phragm. The rod b’ passing through 
the bellows was pivoted at the fulcrun 
g’. Movement of the diaphragm w 


close 


be 


g 
cause the outer end of the rod b 
move up and down. It is of interest 
recognize that modified versions 


this method of transmitting mot 
from within high-pressure vessels 
being used today by two different ma 


facturers 
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In 


.e first use of/the torque-tube in con- 
nection with a bellows. This was really 
significant —— because, even 
ugh pressure-tight bearing con- 
uction had been improved by better 
chniques in lapping, these bearings 
still required lubrication. Lubricants 
hat won’t dissolve in certain petroleum 
nyoduets, for example some of the sol- 
vents, aren’t completely satisfactory. 
In some industries, 


the lubricant may 
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e slowly altered by chemical changes 
which effect lubricant viscosity with 


resultant increases in bearing friction. 
Moreover, there simply isn’t a universal 
ubricant. With a torque-tube, all these 


problems disappear 


The construction and operation of a 


torque-tube as applied to instruments 


is familiar to most instrument users; 
nevertheless, let us review the device 
briefly. First of all, the torque-tube is 
a mechanism for transmitting rotary 
motion through the walls of a_ pres- 

ized chamber without the use of 
stuffing-boxes or closely-fitted shafts 
and bushings. It consists of a _ thin- 
walled tube, rigidly attached at one 


end to the wall of the pressure chamber. 
Passing’ 


rigidly 
shaft. 
tube 


tube and 
end, a 

beyond the 
itside the pressure chamber. The 

nner end of the tube and the outer 

d of the shaft are supported on suit- 
bearings. 


the 
its inner 
projects 


inside 
ttached to 
he shaft 


is 


When the inner end of the tube and 
shaft assembly is rotated, the thin- 
led tube twists because its othe: 
is firmly anchored into the pressure 
nber wall. The outer end of the 
ft, being freely suspended, turns 
ugh the same angle as the inne? 
of the tube. In this way, the rotary 








ion imparted to the inner end of the 
ue-tube assembly also appears on 
outer end of the shaft. At the same 
. fluid pressure applied to the inner 


1928 a West Coast manufacturer 
atented and produced an instrument 
at was unique because it represented 








end is completely and positively sealed 
without any chance of leakage. 

The first instrument to incorporate 
this torque-tube had built-in over-range 
protection in the form of a thin soft- 
metal plug mounted in an auxiliary 
bellows separating the high and low- 
pressure chambers, and was provided 
with a mechanism which punctured the 
plug when the differential pressure 
became too great. After the instrument 


had been over-ranged, it was necessary 
plug 
again. 


before it 
This 


to replace the safety 


could be put into service 


a HIGH PRESSURE 
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; 










system of over-range protection was 
positive because there were no valves to 
stick; but it, too, became ineffective 


when called upon to protect the bellows 


against extremely high differential 
pressures. 
In 1941, at the request of certain 


chemical companies, another manufac- 





Fig. 


turer developed the bellows-t flow 
meter shown in Fig. 
ing because, for 
stainless steel 

Although it didn’t contain a 
, the of a torque-t 
somewhat similar to the 


ype 
. It was outstand- 
frst ti 


the 
bellow Ss 
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in 1928. Differential pressure 
range was determined by the torque- 
tube strength rather than by a cali- 
brating spring. Even though it was 
subject to the problem of bellows 
damage as a result of excessive differen- 
tial pressures, this instrument made 
important contributions to the war 
effort, in atomic energy work, and in 
the HF Alkylation plants designed to 
produce 100-octane aviation gasoline. 

During the war a special submarine 
gage was required to measure differen- 
tial pressures that were of essentially 


peared 


Fig. 6 
the same magnitude as the static pres- 
sure. To simplify the unit by avoiding 


the use of a pressure bearing or torque- 
tube, a dual bellows design was selected 
(Fig. 6 The ends of the two 
bellows were jointed by a stem, from 
which the indicating mechanism took 
its motion. The two pressures, whose 
difference was to be measured, 
introduced into the bellows. 
Now this gage wasn’t particularly 
important as a product, but it im- 
portant as the germ of an idea. As we’ve 
mentioned the innumerable 
attempts to design automatic valve 
arrangements to protect the bellows 
mechanism were unsatisfactory for one 
reason or another. The submarine gage 
started a new train of thought (Fig. 
Suppose we were to turn this double 
bellows affair inside out; put the line 
fluid on the outside and retain the 
center stem holding the two bellows 
ends together. This center stem would 
pass through a plate on which the 
lows could be mounted. 
would two 
would 
when the 
the normal 
direction. Now 


closed 


were 


was 


before, 


She 


bel- 
the 
one of 
center 
displaced 
travel in either 
let’s completely fill the 
inside of the bellows with a clean non- 
corrosive liquid. When the bellows 
shifted differential pressure is 
applied, this liquid must travel from one 
to the 
between 


Likewise, 
valves, 
the 
were 


bear 


close 


stem 
which 
plate 
beyond 


against 
bellows 


1s 
as a 
other through 
the 


VW 
bellows chamber 


the annular space bellows 
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center plate and the bellows stem. 
When the maximum bellows travel has 
been reached, one valve closes and 
liquid may no longer flow from one 
chamber to the other. Because the liquid 
may not escape, the bellows will not 
be destroyed by the imposition of 
‘additional differential pressure. 

A simple way to lick the over-range 
problem, isn’t it?—and just as effec- 
tive as it is simple! The valves always 
because they are in a clean liquid; 
they are free-floating and therefore 
cannot bind stick. 

Although this looked like the answer 


close 


or 





Fig. 8 


to the question of bellows damage, there 
were still some problems to solve. Ex- 
periments with an early model revealed 
that changes in fill-fluid volume as the 
result of ambient temperature varia- 
tions would cause appreciable shifts 
in zero reading. With the dual bellows 
construction, the entire assembly would 
shift in the direction of the larger 
bellows when the internal pressure in- 
Furthermore, the change in 
diaphragm shape altered the 
resulting in changes of 


creased. 
bellows 
spring 
differential range. 

These difficulties by 
incorporating a chamber whose volume 
would increase or decrease readily with- 
out major changes of internal pressure. 
The temperature compensator was 
added beyond the bellows end-plate on 
the high-pressure side of the assembly. 
A hole in the inner end-plate permitted 
the passage of fill-fluid into or out of 
the floating bellows. Thus, as the liquid 
expanded, the compensator bellows 
changed shape to accommodate the addi- 
tional volume. True, the internal pres- 
sure in the bellows increased a trifle, 
but the effect was negligible compared 
to the pressures built up in the original 
design. Fig. 8 is a cross-section through 
the first instrument made (1943) using 
the temperature-compensated rupture- 
proof bellows construction. 

To utilize all the advantages of rup- 
bellows 


rate, 


were corrected 


design, a 
stainless-steel 


t ire-proof 


tube, together with 


torque- 


con- 
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struction, was incorporated in 1948. As 
an additional advantage, the calibration 
spring was located outside the bellows 
assembly in the low-pressure housing 
where it could be reached easily when 
a change in range was to be made. 

It is important to recognize that the 
torque-tube was placed inside the bel- 
lows assembly where it is always in 
contact with a controlled fluid. Such 
construction makes it practical to mount 
the torque-tube on needle bearings 
while the movement of the bellows is 
transferred to the follower arm through 
a miniature ball-bearing. That this con- 


struction results in. a high degree of 
sensitivity is demonstrated by the fact 
that pointer motion may observed 
with a change in differential pressure 
of only one part in 4000 at high-pres- 
sure levels, currently up to 3000 psi. 
This means that changes in pressure 
differential of 0.025 in. water column 
will result in pointer travel in an in- 
strument calibrated for 100 in. W.C. 
Naturally, a magnifying glass is neces- 
sary to observe the pointer movement, 
but it actually is discernible. 
Commercially-available bellows didn’t 
make possible full use of the potential 
advantages of the rupture-proof con- 
struction. Actually, a bellows of paper- 
thin metal was required; in fact, within 
limits, the thinner the better. At the 
same time, a fairly large bellows was 
desired in order to supply ample power 


be 


to drive recording and_ controlling 
mechanisms. 
Because a bellows is, after all, a 


special form of spring, the characteris- 
tics of the metal should approach those 
of spring steel as nearly as possible. 
To produce efficient bellows forms, i 
to draw the raw shee 
stock into fairly complex shapes. This 
precludes the use of spring-temper 
raw materials. 

Even though commercial methods had 
been developed for assembling stain- 
less-steel diaphragms into bellows 
using the helium are welding process 
or the atomic hydrogen process, there 


t 
is necessary t 


were two objections. The thinnest m 
rial that could be assembled was 
too thick for a suitable bellows; furt 
more, the welding seriously alt 
the temper of the metal at the loca 
of the weld. To produce bellows 
the desired characteristics, an unu 
seam-welder was developed to weld 
0.003-in. thick diaphragms into « 
pleted bellows, and also weld 
bellows to heavier end fittings (Fig 
Bellows-actuated flow meters are 
for the same applications as the : 
cury float type manometers; tha 
to say, flow measurement of liquids 


Fig. 9 


gases in a myriad industries extending 


from swimming pools to atomic enet 
plants. However, the meters employi 
the rupture-proof bellows principle 
suitable for certain unique jobs. 
If the low-pressure housing of 


nd 


Y 


a 


gage is left open to atmosphere and t! 


to 
unit 


connected 
the 


high-pressure — side 
highly-variable pressure, 
capable of acting as a 
gage with over-range protection. 
some industrial and naval applicatio 
it is essential to measure low pressu! 
quite accurately, which dictates a 
with low range; however, the press 
will often rise to high levels. The us¢ 
the rupture-proof construction ma 
it unnecessary to disconnect the 
pressure gage when higher press 
are present, 

application is found 
which must \¥ 
pressures and 


A similar 
switches 
normal 


pressure 
stand high 


low-pressu 


It 
ns 


Y 


open or close when the system pressu 


approaches atmospheric pressure. 
rupture-proof principle makes 
switches quite simple and 
reliable. With the more commonly 
Bourdon-tube-actuated switches, 
dificult to maintain the trip pres 
under such operating conditions. 
tubes have an accuracy of abot 
percent of full range; if the nor 
pressure is 1000 psi. and the unit 
to trip at 15 psi., the basic aecurac 
1 percent 10 psi. makes this a 
difficult. switch might trip at 


absolu 


Oo! 


The 
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ji. or it might trip at 5 psi. On the 
ther hand, a rupture-proof bellows 
etuated switch would trip between 14.8 
nd 15.2 psi. 

Oceasionally it may be necessary to 
easure pressures at high levels with 
degree of accuracy beyond that of a 
pressure gage. This may be done 
readily by using a _ rupture-proof 
hbellows-actuated indicator and a dead- 
weight tester. Now the tester normally 
has an accuracy of 0.1 percent of the 
pressure being . measured, whereas, 
for comparison, a good pressure gage 
has an accuracy of 0.5 percent of its 
full range. The rupture-proof bellows- 
actuated differential pressure indicator 
is installed between the pressure to be 
measured and the dead-weight tester. 
Therefore, it measures the difference 
between the two. Because the indica- 
tor, with a low differential range, has 
a degree of accuracy that is high com- 
pared with the system pressure, it is 
possible to obtain accurate pressure 
measurements at unusually high pres- 
sure levels. The use of the rupture- 
proof indicator prevents the accidental 
release of system pressure that would 
almost certainly occur if the dead- 
weight tester were employed alone. 

A rupture-proof bellows type dif- 
ferential pressure indicator is commonly 
used as a gage for level measurement 
of refrigerated liquified gases such as 
COs. Essentially it’s a boiler level gage 
operating in reverse. An uninsulated 
piece of pipe, horizontally located at 
the bottom of the tank, acts as a vapor 
generator. The generator supplies gas 
to the high-pressure side of the indi- 
cator while the top of the tank is piped 
to the low-pressure side. The entry of 
liquid into the gage and small piping 
is prevented by the constant supply of 


a 


COs gas that is available from the 
generator to increase the pressure in 
the piping and instrument when the 


liquid level increases. 

Naturally, the outstanding advantage 
of a meter that is not damaged by over- 
range lies in the fact that the instru- 
ment will not be harmed if an operator 
accidentally opens the valve that vents 
of the instrument atmos- 
phere, or similarly, if the block valves 
are opened incorrectly when the instru- 
ment is being placed in service. With 
a rupture-proof bellows-actuated flow 
, it is quite permissable, when 
placing the unit in service, to open one 
block valve with the valve 
closed, even though the instrument may 
€ connected system with line 
of 2000, even 3000 


one side to 


metet 
by-pass 


to a 
ssures 1000, or 
test the efficiency of the rupture- 

f bellows design, one company, 
ominent in the oil and chemical field, 
rupture-proof bellows- 
indicator across the discharge 
tlets of a double-acting reciprocating 
p. The instrument was _ installed 
ich a way that each time the pump 
ed, 1500 psi. was applied to one 
and approximately 1200 
e other. With each reversal of the 
D piston, the ap- 
to alternate the 


mnected a 
tuated 


nber psi. 


pressures were 


chambers) on 








meter. The instrument calibration was 
25 in. W.C. or approximately 1 psi. In 
other words, the over-range differential 
pressure applied to the instrument was 
300 times its normal range. The plunger 
of the pump stroked approximately 20 
to 25 times per minute, and the tests 
were continued for 20 days. The net 
result was an application of an exces- 
sive differential pressure (alternately 
in the normal direction of differential 
and then in the opposite direction) 
approximately half a million times. At 
the conclusion of this test, neither the 


instrument’s calibration nor its zero 
was appreciably altered. In fact, the 
instrument is still being used in the 


experimental department of the com- 
pany which conducted these tests. 

Because a_rupture-proof  bellows- 
actuated flow meter is automatically 
self-draining, the seal pots sometimes 
used when wet gas is being measured 
aren’t necessary. Any liquid that may 
condense inside the meter chamber will 
automatically drain out of the instru- 
ment housing because the fluid being 
measured only contacts the outside of 
the two sets of bellows. Similarly, if a 
rupture-proof  bellows-actuated — flow 
meter is used on a gas line where there 
may intermittent surges of liquid, 
any liquid that may rise into the bellows 
chambers will drain out completely 
and automatically. At the same time, 
the differential pressure created by the 
passage of liquid through the 
instead of gas won’t damage the instru- 
ment in any way. 

Of interest too, is the ease of installa- 
tion of the bellows type meter. The 
instrument need not be leveled pre- 
cisely; in fact, it would function upside 
down if there were a need for such a 
novel installation. Of course, there’s no 


be 


orifice 


need to fill the unit with mercury: 
merely pipe it up and it’s ready for 
use. 

Whenever bellows type recording 


meters were employed in the past for 
industrial applications where pulsating 
differential pressures were encountered, 


they were found to be unsatisfactory. 
Indicating instruments could be used 
on slowly pulsating services without 


diffeulty, but this was not true of re- 
cording meters. Even non-periodic pul- 
sations with a time interval of two 
minutes between pulses would produce 
a broad trace on the chart. More rapid 
changes would form ink blots well 
as cause rapid ink depletion. 
This trouble plagued the 

proof bellows construction just 
the older single-bellows style, 
though the former design provided a 
degree of inherent damping. The bellows 


as 


rupture- 
with 
even 


as 


fill-fluid, in flowing from one bellows 
chamber to the other, reduced the in- 
strument’s response rate. In 1949 an 
internal, completely adjustable pulsa 


tion dampener was included in the basic 
rupture-proof bellows design. The 
annular restriction between the two 
bellows chambers was drastically re 
duced by the introduction of a floating 


piston ring on the bellows center stem 
within the center plate (Fig. 7). The 
flow of fluid between the two chambers 





as a differential pressure was applied 
was, thereby, greatly slowed down. To 
provide for adjustment to operating 
conditions, an O-ring-sealed adjustable 
needle valve by-pass around the piston 
ring was supplied. Instrument respon- 


siveness could be selected from ten 
seconds to five minutes for full-scale 
travel. The selection could be made 


while the instrument was in service and 
under pressure. There could be no 
danger of unequal snubbing of the 
meter as could be done with two external 
line dampeners; the dampener valve 
and mechanism never contacts the line 
fluid, so it will operate in a trouble-free 
manner with no plugging or sticking. 

With the addition of the internal 
adjustable pulsation damper to the 
earlier developments of the torque-tube 
and rupture-proof bellows construction, 
differential-pressure-measuring appara- 
tus is now available that not only offers 
all the inherent advantages of bellows 
type meters but also provides the desir- 
able features of mercury-float type 
instruments without the service prob- 
lems that are inextricably linked with 
them. 

We've talked of the early as well as 
the recent developments in a phase of 
the new science and engineering born 
sixty years ago. It will surely be for- 
a fleeting glance 


given if we attempt 
at the future. To do so requires the 
turning of more pages in history. A 


few years before the development by 
Herschel of the Venturi tube, Clerk 
Maxwell published the first compre- 
hensive paper on feedback mechanisms 
as related to steam engine governors. 
You will recall that most of the modern 
control devices built around the 
principle of feedback. Thus, at 
roughly the same time, the beginnings 


are 


basic 


of control mechanisms, as well as a 
phase of measuring mechanisms, had 
their inceptions. It’s fundamental that 


can be controlled it 
Therefore 
devices 


condition 


before a 


must he measured, 


meas- 
and controlling are 


linked. 


uring 
closely 
About years ago it 
increasingly clear that the mechanisms 
control developed by man and the 


eighteen became 


mechanisms of control within man are 
remarkably similar. The phenomenom 
known to the instrument engineer as 
“hunting” is closely related to what 


the physician calls clonic contractions 
in the epileptic patient. Complex cal- 
culating machines go through a process 
of “learning” over a period of operat- 
ing time and, if subjected to conflicting 


impulses, may break down and react 
as an insane person does; moreover, 
the “cure” for such calculating mech- 
anism insanity is shock—the same 
as in the human being. This may be 
interesting enough, you say, but what 
has it to do with Flow Meters? No 
doubt about it, the connection isn’t 
concrete—we are just looking ahead 
in a broad way. 

Man is now able to produce control 


performing the 
the 


mechanisms capable of 


functions once reserved for human 








mind. The aircraft fire control com- 
puters developed a quarter-century ago 
are outstandingly superior to the 
manually-operated devices; and those 
developed during World War II are 
even more efficient. Refineries are cap- 
able of making products requiring a 
degree of control that would be entirely 
impossible using the hand _ control 
methods of thirty years ago. Indeed, 
during the past ten years the refinery 
has become a “‘manless plant.” Year by 
year the evidence grows to show that 
the completely automatic factory for 
mass production of standardized prod- 
ucts is not far away. What changes 





may such skills and knowledge make in 
the economy of tomorrow’s world? 

A few generations ago, the world 
experienced the industrial revolution 
when machinery replaced man’s muscles 
to provide the power in manufactur- 
ing goods. There appezrs to be evidence 
that a second industrial revolution is 
in the making as the result of man’s 
potential ability to produce automatic- 
control systems capable of doing 
routine “thinking.” The changes in the 
world of our children and grandchildren 
may well be as powerful as the effect 
James Watt’s steam engine had on the 
generations succeeding his day. 
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Determination of Magnesium in Cast Iron" 
Ww B. McCreary International Harvester 


Co ‘Factors Influencing the Spectrographic 
\nalysis of Silicon in Gray Tron 
Thursday erening. G. W. Keleh presiding 


Grant T. Wernimont, Eastman Kodak Com 





pany, “Design and _ Interpretation of 
Factor Experiments 
This session will be followed by an 


hour 


info 
social 

Friday morning. R. A. Friedel presidin 

Lionel S. Goldring, Roland C. Hawes, A 
O. Beckman, Charles D. Coryell, Micha: 
Stickney, National Technical Laborat 
“Anomalies in Extinction Coefficients at 
Absorbancies” 

D. L. Timma, Mound Laboratory, ‘‘A Mo 
Beckman Spectrophotometer and its P 
mance” 

J R. Anderson, J. J MeGovern, M 
Institute, “‘Spectrophotometric Detection 
Determination of Thianaphthene in Naphtha 

J. E. Newell, U. S. Rubber Co., “Res 
Monomer in Polystyrene—A_ Spectrophotor 
Method” 

Alvin S. Glessner, Jr., A. C, Whitaker, 
Coggeshall Gulf Researeh and Develo; 
Corp., “Ultraviolet Absorption Analysis 
N, N!-di-sec-butyl p—phenylenediamine in 
lines.” 

Frank P 
H. Wells, 
(nthracene 
Ultraviolet 

Friday 

B. F. Seribner, 
Standardization of 
Methods” 

J. Sherman, 


Hannan, Jr., J 
“Determinatio 
Cakes 


Hazlett, Roy B 
Mellon Institute, 
in Crude Anthracene 
Spectrophotometry.” 
Mary E. Warga 


morning pres 


Spectrographic Analytic 


Philadelphia Naval Shipyar 


' 


National Bureau of Standards 


“Stability of Spectra as Determinable by Statis 
tical Analysis of Experimental Data’ 

John Harley, George Peterson, George Wy 
ford, U. S. Atomic Energy Commission, ‘Sp 


trographic Determination of Beryllium in 


Dust Samples’ 


Jaycox, Bell Telephone Laborato: 
“The Quantitative Spectrochemical Analysis 
Ashes, Deposits, Liquids, and Other Miscel 


ous Samples’ 

J. T. Rozsa, N. A 
National Spectrographie 
“Crucible Fusion Techniques of 
Semi-Quantitative Analysis” 

Alfred T, Myers, U.S 


Grondin, J. Golla 
Laboratories, I 


Spectrograp} 


Geological Survey 


Improved Cutting Tool for Spectroscopic | 
trodes” 
B. F. Seribner, J. C. Ballinger, Nat 


Bureau of Standards, 
of Bronzes by the Porous Electrode Techniq 


J. A. Norris, Massachusetts Institute of Ts 
nology, “‘Spectregraphic Analysis of Beryl 
Metal 

Friday afternoon, J. ¢ Redmond presi 

W \ Kirklin Hercules Powder ( 
“Standardization in Analytical Chemistry 

Calvin Golumbic, Bureau of Mines I 


Separation and Analysis of Phenols by Count 
eurrent Distribution’ 
L. A. Wooten, W. G 


‘Low 


Bell Teleph« 
Technique 


Galdner, 


Laboratories, Ine Pressure 


Spectrochemical Analys 


The Determination of Oxygen and Carbor 
Metals 
E. B Read, L. P. Zopatti, Massachuset' 


The Determinatior 


Metal” 


Technology 


Zirconium 


Institute of 
Oxygen in 


L. C. Copeland, F. 8. Griffith, The Ne 
Jersey Zine Co., of Pa., “The Manual Polar 
graph for Rapid Routine Determinations 
Lead and Cadmium in Zink 

Willard P. Tyler, Earl C. Gregg, The B 
Goodrich Research Center, “‘An Analyt 
Polarographic Study of the Bis (Dialkylt! 


earbamyl) Disulfides and  Dialkyldithiocarbs 
mates’ 

Allen M. Goldstein, Tracerlab Incorporate 
“Some Uses of Tracer Techniques in Analyt 
Chemistry 

Friday afternoon. J. H. Lieblich presi: 

Harold P. Klug, Mellon Institute, ‘Re 


Applications of X-Ray Diffraction in the Anal 


tical Field 
William Priestly, Jr Esso 
Fluorescence Spectroscopy’ 

Anne L. Conrad, Winifred C. Johnson, Stat 
ard Oil Co. of Ohio, ‘Flame Photometer 
niques for Determining Typical Additives 
Petroleum Oils” 

Richard H 
Laboratories, 
Chemical Analysis” 


Laborat 


Westinghouse 
Spectroscopy 


Hughes 
“Microwave 
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FINAL NOTICE 
of Instrumentation Contest 
See Page 94 
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Proper float location gives you 
EXTRA METER VALUE 








Diagram shows two distinct ambient tempera- 
ture error factors (exaggerated for clarity) 
which affect the accuracy of mercury displace- 
ment type flow meters. On an increase in 
temperature, for example, the mercury expands 
and its level rises an equal amount (A) in both 


A— EXPANSION ERROR 
B— DENSITY ERROR 
C- TOTAL OR NET ERROR 


HIGH PRESSURE 
CHAMBER 


increase in temperature, resulting in increased 
displacement (B) for a given differential pres- 
sure change. This increased displacement adds 
to error (A) in the low pressure chamber, caus- 
ing a combined error C, but subtracts from 
error (A) in the high pressure chamber, leaving 


high and low pressure chambers. Mercury only a negligible net error (C»). 


density also decreases because of the same 


Better Design Throughout Assures 


Greater Accuracy with Foxboro Meters 


Engineering thoroughness in every detail throughout Foxboro 
Flow Meters demonstrates conclusively why you get extra 
meter value, Locating the meter float in the high-pressure 
chamber is only one of many examples. Based on broader 
understanding of basic principles, this simple design feature 
utilizes two inherent sources of thermal error to offset each 
other. The result is highest sustained accuracy through the 
range of the instrument, regardless of temperature variations. 


EXCLUSIVE FOXBORO REFINEMENTS 


* Segmental Lever Transmission gives truly 
straight-line calibration. 
Extra-large Float with long travel gives 
extra power. 
Sure-Seal Check Valves, submerged in 
mercury, positively prevent mercury 
losses from overrange. 
Pressur-Tite Frictionless Bearing elimi- 
nates stuffing box and packing. 


Even for your simple installations, you'll save money in the 
long run by employing Foxboro Meters. Write for Bulletin 
351-2 describing these extra-values. The Foxboro Company, 
60 Neponset Avenue, Foxboro, Mass., U.S. A. Branches in 32 
U.S. cities—also 6 Canadian cities. 


OXBOR 


REG. VU. S. PAT. OFF. 





DIFFERENTIAL-TYPE 
FLOW METERS 
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Development and Production of 


SPECIAL PURPOSE 
VACUUM TUBES 


BY ECLIPSE-PIONEER 


We're not in the standard vacuum tube 
business. But we are definitely in the 
business of developing and manufactur- 
ing special purpose vac- 

\ uum tubes—tubes that 
\ are not generally avail- 

able. During the past 
three years, for example, 
our facilities have pro- 
duced, such devices as 
the Chronotron thermal 
time delay tube, the Con- 
vectron* vertical sensing 
3000 mc temperature 





TT-1 3000 mc Temperature 
limited Noise Diode Tube. 


tube, the TT-1 
limited noise diode tube, counter tubes, 
glass enclosed 
spark gaps, and 
phono pickup 
tubes. Quantities of 
all these are now 





Y-Type Position Convectron— 
Vertical Sensing Tube. 


serving many 
phases of industry in a wide variety of 
applications. We invite your use of our 
facilities to develop and produce your 
requirements of special 
purpose vacuum tubes. 
Your inquiries concern- 
ing the scope of our 
facilities or details of any 
of our tubes will be given 
immediate attention, 

TT *REG PAT. OFF 


Chronotron Thermal 
Time Delay Tube. 








Eclipse-Pioneer Division of 
i TETERBORO, NEW JERSEY AVIATION CORPORATION 
| Expert Ssles— Bendix Internatioga! Division, 72 Fifth Avenue, New York 11, N.Y. 
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Continued from pa 


Regulation of pH 


requiring large pumps, there may be objections to 


system especially if costs of circulating unused reagen’ ay, 


considered important. In such cases, it has not beer 
common practice to replace the overflow loop with a 
controller, as illustrated in Fig. 83, which throttle 
pumping load to exact process requirements. 

The effective flow capacity of the control valve \ 
as the square root of hydrostatic head of reagent a 


and variations in elevation of the head box affect th 
valve rating. There is no important limitation to may. 
imum elevation of the head box except cost of piping an 
handling equipment and pumping or transportation costs 


However, the higher the head tank, the smaller mu 
the control valve for a given concentration of reayen 


As would be expected, however, increased elevation car 
be compensated for a fixed valve size, by decreased rv. 


agent concentration, or, conversely, decreasing eleva 
requires increased concentration in a square-root ratio. 

A lower limit to elevation of head box is establish: 
by practical operating conditions. In many cases, th« 
has been placed at a one-foot or two-foot elevatior 
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Fig. 83. Reagent supply system incorporating small-volume head 
(5 to 10 gallons) and regulated delivery. 


compensate for an otherwise oversized valve, and 
some cases connected to the valve through a long < 
necting pipe. This has not been found by the writer 
be good practice since, aside from the evils of an ove 
sized valve, the box may be displaced horizontally f: 


the valve, and friction of connecting piping limits pres 


sure drop across the control valve to a small porti 
of the total at open-valve positions. It does not respor 
with positive action and lacks control characteristics n 
mally inherent when it commands the major portion 
pressure drop in the feed system. 

Connecting piping should preferably be smooth-bore t 
ing and should be sized in accordance with standard | 


ing tables to allow no less than 50 percent of the tota 


pressure drop across the valve. A minimum size of hal! 
inch is usually recommended for small flows and the va 
body is limited to this minimum size. Commercial a 
operated valves are adaptable to adjustment for sma! 
flows of some reagents by means of variable size t 
in a standard half-inch body. 

The minimum head may be a matter of choice wit! 


gineers depending on plant conditions and piping costs 


although the writer has established, where possible, 
minimum of 4.0 ft. and preferably 6.0 ft. for short 
nected installations. If the horizontal displacement 

ft. or more, an empirical minimum of 10 ft. hydrostat 
head has been adopted. Volume of the head box may va 
with applications, but average control installations 1 
quire a head box no larger than 5 to 10 gallons capacity 
“Why use a head box and why us¢ 
reagent 


One might ask: 
valve? A pump is necessary to distribute 


why not use a controllable pump to feed reagent dit 
to the process from the reagent storage? Why pay for 
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Until Beckman pH instruments were developed, 
glass electrode pH equipment was a cumbersome, complicated 
laboratory curiosity. It was Beckman that pioneered today's 
simple, compact, highly accurate and completely dependable 
glass electrode pH equipment! 

































4 Although glass electrode pH instruments are the 
4 Such far-reaching advancements as the High pH most efficient pH equipment obtainable, no glass electrode 
> Glass Electrode . . . the High Temperature Glass Electrode pH instrument is better than the versatility, accuracy and 
] |. ... the Unusually Rugged “X-9" Glass Electrode . . . as well dependability of the electrode assemblies available for use 
" as a wide range of other vitally important advancements in with it. 
glass electrode pH instrumentation, were all pioneered by Beckman provides the industry’s most complete line 
—__ Beckman. Many of these advancements are still available of glass electrodes for use with Beckman pH instruments—a 
d i exclusively in Beckman equipment! type of electrode assembly to meet every industrial, research, 
; laboratory and field requirement! 
* 
er i 
pre 
tl ¥ 
spot Included in the complete Beckman line are instru- r 
a ments specially designed to combine the high precision and 
2 » wide versatility necessary for advanced research, medical and 
" © laboratory applications . . . others that combine maximum 
/ simplicity and high accuracy with complete portability for There is pH wherever there’s water, water solutions, 
7 u » plant and field applications . still others that combine moist pastes, sludges, slurries or other moisture-containing 
| ; maximum simplicity and high accuracy with the plug-in substances. And wherever there is pH, chances are the opera- 
te + convenience of full AC operation . .. plus completely auto- tion can be done better... with greater uniformity and less 
ha + matic pH equipment for continuous pH indication, recording waste at lower overall cost . . . by Beckman-controlling the 
va _ and control on large-scale processing applications. pH of the various processing operations. 
a 
Na $ 4 
: HETHER you manufacture fo od pre ducts or treat sewage 
| ... do metal plating or refine crude oil make textiles or 
process ore — in fact, no matter WHAT your field of operation . . 
if you have not yet determined whether Beckman pH Control 
oa can be used to advantage in your operations — possthly 1s already 
BEING used to cut costs by your competitors — let us study your 
- processes and make helpful recommendations. No obligation, of 
stat course. BECKMAN INSTRUMENTS, NATIONAL TECHNICAL LaB- 4 
va ORATORIES, SOUTH PASADENA, 47, CALIFORNIA. 
; be For an informative, non-technical outline of modern pH control — what it is and how it's used — send fer 
maid if this free booklet ‘‘What Every Executive Should Know About pH."’ 
ee INSTRUMENTS CONTROL MODERN INDUSTRIES 











(A Quick Quiz on modern pH advancements ) 
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“Do you know 


~ these important facts 


fa Fe 





et techaeentti ! 
re TO rs ee, 
ttt SO Poe 
aes awe : . 








about 
BECKMAN 
pH CONTROL? 















pH Meters and Electrodes — Spectrophotometers — Radiation Meters — Special Analytical Instruments 








A RECORDING MECHANICAL COUNTER 


Actuated by an 
Electrical Impulse 


it operates on the out- 
put of a scaler, photo 
tube. or other electrical 
unit . . . permanently 





records counts on a 214” 
tape . . . automatically resets to zero. 


In Radioactive Research it saves precious time 
by eliminating many hours of manual labor, result- 
ing in greater economy and efficiency. 


In industry it maintains a permanent record auto- 
matically, recording production and time each hour. 


Write for complete information and 
illustrated circular SC 13. 


STREETER-AMET COMPANY 


AUTOMATIC WEIGHT RECORDERS & SCALES 
HIGH SPEED COUNTERS SINCE 1888 
4101 Ravenswood Ave., Chicago 13, Illinois 











HIGH PROOF—To 400 PSI 
LOW WORKING RANGE—From 0.1-100 PSI 


PRESSURE 
5 ACTUATED 
SWITCH 


Lightweight—Less Than 14 oz. 







MODEL 4/01 


PRESSURE PORT 
Vg or '/4 Internal NPT Thread or 
7/16-20 NF-3 PER ANDI0050 for Airborne Equipment 


ELECTRICAL CONNECTOR 


/y inch Conduit Connection or 
AN 3102 Series for Airborne Equipment 


Single pole double throw switching element suitable for AC 
and DC low current applications. 


We are specialists in the design and manufacture of 
AIRCRAFT © INDUSTRIAL ©® MARINE 
PRESSURE ACTUATED SWITCHES 


Write for descriptive literature 


MELETRON CORPORATION 


950 N. Highland Ave., Los Angeles 38, Calif. 
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installation of a head box?” ims is a question \ hic} 


might be expected from any serious-minded engineer; jt 


a just question. Whether a head box or other feed ¢»vjg, 


is used depends on cost requirements and plant li nita. 
tions and pressure requirements of the feed devico. 4 
head box is limited to atmospheric pressure feed and js 
simple and fool-proof in operation but loses cost acvap. 
tages when a large volume of reagent must be handled 
It is recommended especially for plants having little mod. 
ern facilities and untrained personnel for instrumen; 


maintenance and operation. 


Direct feed of reagent by positive-displacement pro. 


portioning pumps is of particular importance whe: 


agent must be injected into a pressure system. The wri. 
ter has found a variable-stroke type quite satisfactory 


for injecting reagent into digesters and similar pressur, 
vessels. Such pumps have also been used with success j; 
water treatment and sewage disposal plants and have bee; 
especially well adapted to cascaded flow-pH installation; 
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ay bh nisiaiakdarinsinw evince’ 
reagent differential ea 
*p’ requia 
#ig. wt. Four accepted methods of maintaining constant pressure drop 
across pH control valve. 





for controlling quiescent basins of high retention. They 
have the principal advantage that a head box and valw 
are not required and variations in supply pressure ar 
without effect, if variations do not exceed a maximum 
or fall below a minimum limit. They are also especiall) 
well adapted to feeding small volumes of reagent. 

The important advantage of smooth-acting control valve 
is their rapid response to fluctuating demands. They are 
generally preferred for direct high-rate neutralization re 
actions and processes having high buffer index and abrupt 
load swings. When properly applied, they effect an in- 
stantaneous transfer of reagent which is a sine qua non of 
good pH regulation. However, uniformity of flow charac 
teristics (i.e. position vs. gpm. throughput) requires con- 
stant pressure drop across the valve at all positions; ané, 
if gravity feed is not satisfactory or applicable, a number 
of methods may be, and have been, used successfully t 
maintain constant pressure drop as indicated in Fig. 84 

Fig. 84-A is a common method of applying the contro 
valve as a by-pass around a constant-volume pump t 
regulate reagent feed. It is limited to positive pressur 
discharge and has the property of “reversing” effectiv 
valve characteristics. In other words, the effective flow 0! 
reagent to the process is a reciprocal characteristic 0 
normally direct-connected valves. In some cases, this charat- 
teristic may be of importance to correct an otherwise effec: 
tive narrow throttling range of a direct-connected valvé 

Fig. 84-B has the advantage of wider turn-down and 
applicable to both negative and positive pressure systems 
Its principal weakness is the pressure relief valve whit 
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Great dependability, small space re- 
quirement, tamperproof construction 
and Low Cost. The ideal combination 
in Mechanical and Electric Counters 
for built-in applications. 


Speeds to 600 CPM. Non-reset. SMC 
Stroke Counters furnished with any re- 


Send for catalog de- 
scribing Stroke and 
Revolution Counters, 
Coil Winding Counters, 


& Panel -mounted Electric quired shaft extension and operating 
© Counters, Automatic arm. MERCURY Electric Counters 


Electric Batch Counters furnished for any required voltages, 
and Counter Actuating either AC or DC. Send application de- 
Switches. tails for sample. 


| Production pr eon 


702 W. JACKSON BLVD., CHICAGO 6, ILL. 
Representatives in Principal Cities 


mpany 





PRECISION LATHES FOR SMALL WORK 





Ideal for second operations on instrument parts or other 
small pieces. 4” swing—collet capacity 5/16” or 3/16”. 
Send for Bulletin “F” containing a complete description of 
lathes and accessories. 


SUIS LEVIN & SON, INC. * 782 EAST PICO BLVD. * LOS ANGELES 21 


New Portable Field 


Manometer 


tyMERIAM 


For Checking Calibration of 
Gas Orifice Meters 
in the Field... 


Filling a long-felt need, this unit 
offers many advantages. 
















All stainless steel with precision 
bore tubing. Sliding magnifier 
for readings down to 0.2” of 
water — and mirror that avoids 
parallax in reading. 





Scale is graduated in inches of 
water pressure, using mercury 
calibrated dry. Range is 0-110” 
of water. Valve at instrument 
well and fitting at top of indicat- 
ing tube prevent loss of mercury 
when manometer is transported. 


Provided with bubble level and 
universal ball and socket type 
clamp which permits mounting 
to meter piping — upto 14" size. 
Complete assembly iaedian 
mercury and length of rubber 
tubing — is housed in metal 
case 5” wide, 3” high, and 
14” long — total weight, 
71% pounds. 





Wee MARGIE Meters mines > 





Can be completely dis- 
assembled for cleaning. 
Precision-built throughout 

typical of all Meriam 
instruments. Ask for 


Catalog Sheet B2862. 


Handy Portable Field 
Manometer weighs 
only 334 pounds. 


THE MERIAM INSTRUMENT CO. 


10958 MADISON AVENUE e CLEVELAND 2, OHIO 
WESTERN DIVISION: 4760 E. OLYMPIC BLVD., LOS ANGELES 22, CALIF. 
IN CANADA: PEACOCK BROS., LTD., MONTREAL 


MERIAM —_ 


» Dust uUment 1h 


ESTABLISHED 1911 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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THERMOMETER 


No. 35—Product of 
Jas. P. Marsh Corp., Skokie, Illinois 


Chace Thermostatic Bimetal tells the “inside 
story” at a glance, in this easy-to-read home 
indoor-outdoor thermometer. A small bimetal 
coil is fixed at one end to the indicator shaft, 
with the other end attached to the back of the 
dial. Changes in temperature cause rotation 
of the bimetal coil, moving the indoor indicat- 
ing pointer to the correct temperature value. 


Chace #6650 Thermostatic Bimetal is speci- 
fied, being particularly suitable for tempera- 
ture indicators from -100° F. to +500°F., due 
to its extremely high deflection rate. 


Manufacturers in many fields are taking ad- 
vantage of the wide range of properties 
found in the complete line of Chace Thermo- 
static Bimetals. They've gained new freedom 
of design and improved product performance 
in such varied industries as automotive, appli- 
ances, instruments and industrial equipment. 
As the actuating element for your product in 
the field of temperature indication or control 
. specify Chace Thermostatic Bimetal. 


W. M. CHACE CO. 





must be simple in construction and unaffected by ch« 
action of the reagent. 

The method illustrated in Fig. 84-C has been used 
satisfactorily on applications similar to pH and sjjou\q 
present no serious difficulty in pH control. It consis:s 9; 
a pressure-loaded regulator connected across the conty 
valve through seal pots containing an immiscible oil whic} 
also fills the regulator head. It regulates pump by-pas 
to maintain required pressure across the control valve, 

An air purge system (Fig. 84-D) was recently applied 
successfully by the writer to a process in which the reagent 
was a heavy syrupy material. Air purge across the valve \ 
controlled by two constant-differential pressure regulator: 
which maintain constant pressure-drop across a_ fixed 
orifice, thus establishing fixed purge into the reagent lin 
Pressure differences between the two regulators is meas. 
ured and recorded by a recording pressure-difference cop. 
troller which operates a by-pass around the reagent supp) 
pump to maintain fixed drop across the control valve. 

Other reagent feed systems have been used and st 
others may be designed to operate in a specific manner { 
accomplish desired end results. Cost analysis and per 
formance limitations are the guiding factors which deter: 
mine the best method for a given job. 

It is a customary procedure in water treatment and 
waste disposal practice to feed reagent into a long troug} 
having one saw-toothed edge for equalized distribution 0: 
reagent across a Parshall flume or open channel; or some. 
times the reagent valve may feed directly into a large wei 
box, which, in turn, gages reagent flow and spills it into the 
treating channel. 

If reagent flow must be gaged, it should be done anoth« 
way and the weir box eliminated entirely since it delay: 
reagent transfer by virture of its supply-side capacity lag 
This condition applies in general to all distributors an 
transfer devices which may be connected to the discharg 
side of the reagent control valve. Their volume _ hold-u 
should be minimal, and line sizes should be as small o: 
to permit high velocity transfer of reagent to thr 
process. Saw-toothed distribution boxes should not be 
excessive width, since the added volume requires reagent 
and time to fill it and delays transfer to the process. If 
the distributor is long and spans a wide flume, it shou 

































































possible 








be fed uniformly through a branched discharge head 
from the valve, and the header should be sized app 
priately for maximum transfer velocity. 

The same condition applies to “T” head distributor: 


sometimes used in open-trough applications of industria 
plants. It is not uncOémmon practice to terminate the val 
discharge line into a submerged “T” distributor for « 
trol in open troughs, the downstream side being drill 
with a multiplicity of holes to “fan” reagent into the flowing 
stream. Ordinarily, one may find the concept good 
applied practice poor. An inspection of such distributor 
that have been in service usually reveals a “T” branch 
larger size pipe than the feed line and, not uncommon 
the end holes plugged entirely or otherwise inactive, ar 
the center section taking all reagent feed. 

The important feature of design of “T” distributors 
their velocity-distance component. Each branch should 
sized by reference to Fig. 45 to give a velocity-distance con 
ponent equal to twice the nominal velocity-distance con 
ponent of the feed header which, conversely, should equa 
one-half the sum of both branches. For example, if t! 
feed header transfers one gallon of reagent a distance 
one foot in one second, each branch of the “T” distribut 
should be appropriately sized to transfer this same gallo! 
of reagent a distance of two feet in one second. Sizing of t 
discharge holes is also important and should follow 
pattern of increasing diameter toward the ends of 
branch to provide decreasing pressure drop. 





+} 


The technique of controlling pressure drop acros 
control valve has been widely applied to industrial con: 
trol and offers advantages in pH regulation. For examp‘ 
a pH regulator may be cascaded with a liquid level or fi 
regulator as indicated in Fig. 85 in such a manne} 
control pressure drop across the main control valve VA 


by manipulating valve VA-2. The principal advantag 
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rill : Hicu fluid velocities ...even viscous fluids and fluids containing sus- 
wilt pensions ... are pushovers for the Series T00V. A special venturi throat 
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utors [ee eliminates the sudden change in direction of flow so often the cause of 
ch : trouble under such conditions. As a result, in-service time is unusually high. 
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al i OUTSTANDING FEATURES OF THE 700V 
ie @ Special flushing connection to keep © Special design, renewable disc and seat 
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MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BELFIELD VALVE DIVISION 

u Philadelphia 44, Pa 

ee Offices in 73 principal cities of the United States, Canada and throughout the world 
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© FOR GauGinG LiQuins 
OF ALL KINDs 

® 100% Automatic 
© APPROVED py 
UNDERWRITERS: 
LABORATORIEs 


ow 


1000 


LIQUIDOMETER 
STORING 
EASURING’ 





“LIQUIDS WORTH 
ARE WORTH M 


WRITE FOR COMPLETE DETAILS 


rue LIQUIDOMETER cox: 


36-27 SKILLMAN AVE., LONG ISLAND CITY.I.N.Y. 





INFRA-RED DETECTOR 


Is a superior detector for use in infra-red spec- 
troscopy. It has been acclaimed as presenting 
the best all around characteristics of sensitiv- 
ity, speed, reliability and spectral uniformity 
of response, 

These detectors can be manufactured to fit 
most of the infra-red spectrometers in use 
today, and we solicit inquiries regarding such 
applications. 

The Golay Infra-Red Detector is manufac- 
tured by The Eppley Laboratory, Inc., under 
the personal supervision of Dr. Marcel J. E. 
(rolay. 


Write for Bulletin No. 10c. 


EPLAB 


THE EPPLEY LABORATORY, INC. 
Scientific Justraments 


NEWPORT *© RHODE ISLAND” « 
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this system is its inherent fail-safe characteristics 
like any other cascaded system, it must be appraise: 
its specific application. 

Another novel application of the pressure-drop 
nique is illustrated in Fig. 86. A common influent st 
is divided between two batteries of converters, on: 
tery of which generates an alkaline material while ovtp, 


seconaary 
SUMMONING pH sontroile, 


rela 
he Y 






































Fig. 85. Series valve cascaded pH control process incorporating primary 
reagent feed as a function of process liquor flow and secondary correction 
as a function of pH 


of the other battery is acidic. Effluents from these conver- 
ters must be regulated in volume throughput to meet de. 
mands of subesequent process units, and must also lx 
ratioed to adjust final pH. 

Valves VA-1 and VA-2 adjust pH while VA-3 and VA-4 
regulate throughput. The pH of the combined effluent 
streams is measured by recorder-controller pHC-1, whic! 
actuates simuitaneously direct-acting valve VA-1 and re- 
verse-acting valve VA-2. Level in the accumulator is : 
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Fig. 86. Series valve cascaded pH control process incorporating 
bined throughput control and pH regulation. Unit regulators of this pr 
cess are interdependent 


measure of throughput and LLC-1 becomes the flow regula- 


tor which actuates opposed-acting valves VA-3 and VA-4 
Although this process has unique features, it is basicall 
unstable and requires external stabilization such as _ the 
intermediate capacity and accumulator to avoid individua 
regulators “fighting’’ one another. Should either batter 
of converters become clogged or “spent,” either the fi 
regulator or pH regulator, or both will act to alleviate 
the condition. However, there is nothing to prevent unde! 
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R Swings A New Angle on 
Thermometer Installation 


«not TO Ba CK 
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¢ Sensational «. 


@ ADJUST-ANGLE simplifies maintenance—re- 
duces stock requirements. 


@ ADJUST-ANGLE is visible at any angle—simple 


installation 


ADJUST-ANGLE minimizes breakage—easily 
adjusted. 


ADJUST-ANGLE is supplied with INTER 
CHANGEABLE Union or Separable socket 


to 30" 


















@ 7, % or 12-inch cases—3 stem 












Your design staff, pur WEKSLER also makes 
chesing department or all types of Glass Ther- 
maintenance engineers mometers, Hydrometers, 
should have our Adjust- Psychrometers, Hygrom- 
Angle Thermometer eters, Pressure Gauges For quotations, send 
Bulletin AA-4 — Write and Dial Thermometers, complete specifica- 
for it. Pressure and Tempera- tions. 

ture Recorders 




















INSTRUMENTS FOR INDUSTRY 


4} WEKSLER THERMOMETER CORP. 


G 36 West Houston Street NEW YORK 12, N.Y. 
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Cnboolh q » My RELAYS and TIME SWITCHES 
waWATER TESTS a. of Dicmond aualiny 


: ‘ 4 Ruggedly constructed to exacting 
Chere 4 nothing like 


specifications that are carefully en- 










Open Type 
"Can" Type 
With Plug-in 

Tube Base 

A. C. of D.C. 

Midget Relays 
Dual Purpose 







gineered to provide ample safety fac- 
tor... quality all the way through! 

Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That's why they are 












GLASS COLOR : eleva ee oe many “big name” 
3 “Make” or "Break" Wee er and build a wide vari- } 
4 STAN DARDS Automatic ety pn pobre saw “ for whnel 





Circuit Control 
“Current” and 
“Potential” Relays 









cally all applications. A staff of com- 

petent engineers will design and build 

relays to fit your requirements 
Stock models or custom built, ev- 



















Pocket 
Comparator ery relay we manufacture will deliver | 
No. 605 the same dependable performance 

™ that has made the ‘‘Diamond Seal” 


line the choice of those who measure 
quality by performance 


@ TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
‘Time Switches and Interval Timers. 


WRITE FOR CATALOG 


HELLIGE Automa WL Taare MEG. CO. 


INCORPORATED } 
31}8 NORTHERN BLVD.. LONG ISLAND CITY 1, N.Y. | 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 58 STATE STREET - MANKATO, MINN. | 





Permanent reliability of Hellige Glass 
Color Standards, accuracy of color 
comparison, simplicity of technique, and 
compactness of the apparatus are ex- 
clusive features of Hellige Comparators. 


WRITE FOR BULLETIN No. 602 
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vee THAT MINIMIZE 
CONVERSIONS, 
ERRORS, DELAYS 


‘é 4 + 
b0er-neadings 
Put au end to the setting and 


é 

ARE DIRECT READI NGS reading of hairline-eraduated dials 
on all types of machines 

Install a Veeder-Root Counting 
Device that will give direct and 


accurate Cowufrol over rate of 





feed, depth of cut, or any other 
phase of operation 

Then operators and inspectors 
get their Facts-in-Figures directly, 
plainly, aumistakably in bold, 
easy-to-read figures that don’t 
have to be converted, decoded or 


otherwise translated 





Tike Commting omar cf Puawotey 


VEEDER-ROOT INC. 


Hartford 2, Connecticut 

In Camada: Veeder-Root of Canada, Lid 94% St James Se 
Montreal 5. In England) Veeder Ronn Lad, Dickimon 
Works, 20 Purley Way, Croydon, Surrey 











MARSHALLTOWN Figure 83 is a very 


sensitive instrument utilizing a diaphragm for pressure 
communication, and is recommended for extremely 
low pressure service. 


The following standard dials reading in inches of 
water are available—0-15" 0-30” 0-60” 0-100" 0-150”. 

Ounce graduated dials can also be supplied in a 
range from 16 ounces to five pounds. 

It is available in the 242”, 342", and 42” dial sizes 
and mounted in a black enameled, deep steel case. 
Write for details and price, 


MARSHALLTOWN manufactures one of the most 


complete lines of indicating pressure gauges—there is a 
Marshalltown gauge for every purpose and pressure. 


Marshalltown Mfg. Co., Marshalltown, lowa 


| correction in the event of “spent” converters, excep: f,y)) 
closure of one valve and opening of the other. Whe this 
condition occurs, a closing contact sounds an alarm. 


Needless to say that composition of reagent must be 
uniform for all applications to eliminate unnecessary |oads 
on the regulator. If the reagent is a slurry of solid 
material suspended in a liquid vehicle, it is necessary t, 
circulate it in a closed loop at sufficient velocity to preven 
settling as described in the foregoing text. Butterfly valve 
have been used satisfactorily as vertical take-off controls o) 
slurries of lime up to 16 percent (Fig. 87). Vertical up-take 
through the butterfly valve minimizes plugging of the wing 
at partial open positions. 


vent 
ner 





PP aati loop 


Dts on 


SLURRY CIRCULATING LOOP 























pump 














yetumed vaive ovosds settling of slurry cake in valve ports. 





Fig. 87. Reagent slurries must be circulated constantly and agitated 
thoroughly to maintain uniform concentration and avoid plugging. 


It has been found good practice to use flanged tees at 
all pipe turns and install steam purge lines on both sides of 
the valve to facilitate removal of cake or plugs whic! 
may accumulate during shut-down. Furthermore, the suppl) 
header and return loop should slope toward the supp); 
source to permit self-drainage of the line in event of pum 
stoppage. Head on the valve is established by a vertica 
riser in the loop. Siphoning action of the return leg i 
broken by means of a vent riser at the point of down- 
take. 

In many cases it is customary practice to feed dn 
chemical reagent to a process with a mechanical feede: 
When such equipments are used as part of the pH contr 
loop wherein a pH regulator adjusts feed rate directly 
it is desirable to avoid as much transfer lag and supply- 
side storage lag as possible. In general it will not be con- 
venient to reduce these lags to values comparable wit! 
liquid feed installations; therefore all precautions should 
be taken to make reagent transfer to the process as direc! 
as possible, but with due regard for equilibrium lag whic! 
may result if sufficient time is not allowed for dissolving and 
occlusion reactions to reach equilibrium. 

To be continue 


FINAL REMINDER 


Dead-line for the $500 Instrumentation 
Essay Contest is Tuesday, January 31st. 





Entries must be mailed early enough to be received 
not later than that date at the office of the sponsor, 
The Instruments Publishing Company. 


Address entries to Contest Editor, 921 
Ridge Avenue, Pittsburgh 12, Pa. 


For rules, see page 934 of October issue; or page 
1009 of November issue; or page |124 of December 
issue. 
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CONNECTOR 
PANEL 





Positive Contact Plugs and Jacks per- 
mit 80 thermocouples, regardless of lo- 
cation, to be selected and switched to 
any of 80 Pyrometer recording points. 
When your Thermocouple Circuits re- 
quire flexibility of connections or arm 
length control, let us help you. 

Send for Panel Bulletin 21F 


FAIR LAWN.N.J. 


ermo ELECTRIC CO} 





(MEASUREMENTS CORPORATION mone. 80 


STANDARD SIGNAL’ GENERATOR 





2 to 400 MEGACYCLES 


MODULATION: Amplitude modulation is contin- 
vously variable from O to 30%, indicated by a 
meter on the panel. An internal 400 or 1000 
cycle audio oscillator is provided. Modulation OUTPUT VOLTAGE 
may also be applied from an external source. 0.1 te 18R E80 












ACTURERS OF 
MANUF FREQUENCY 
ACCURACY + .5% 


microvolts 
Pulse modulation may be applied to the oscillator 
from an external source through a special con- OUTPUT 
nector, Pulses of 1 microsecond can be obtained gro miony 








ot higher carrier frequencies, 


MEASUREMENTS CORPORATION 


BOONTON NEW JERSEY~ 








Pils Bisablic 
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IDEAL FOR MEASUREMENT 
OF—LEVEL—FLOW 
PRESSURE—SPECIFIC 
GRAVITY—DIFFERENTIAL 

PRESSURE 


Non-overloading type diaphragm—Extreme accuracy. Available for high and low pressures 


Write for Bulletin 


TULSA INSTRUMENTS, INC. OKLA. 





RUPTURE-PROOF 


BELLOWS TYPE 


F/C PNEUMATIC TRANSMITTER FLOW METERS 


EXCLUSIVELY BY 


AVAILABLE MATERIALS BAR rey 


STEEL 
BRONZE 
STAINLESS 
HAVEG 
HASTELLOY 
MONEL 
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FLOW © LIQUID LEVEL 
DIFFERENTIAL PRESSURE 
ONLY BARTON OFFERS 
% POSITIVE OVER-RANGE PROTECTION 


Rupture-Proof Bellows Unit Permits 
Over-Range to Rating of Housings 


With 
B E A R I N G S$ * ies Piats snucinicdic 
CONTACT POINTS Sealed ia Lubricating Liquid » No Gor 


rosion by Line Fluids 







Call or write for information on the ENG-SOL METHOD of * SELF DRAINING AND VENTING 





chemically cleaning surfaces with a high velocity spray of solvent 





and air. 





PASSAIC ANALYTICAL LABORATORIES, Inc. iat 


228 AYCRIGG AVE. 





Line Fluid Contacts Outside of Each 
Bellows * Condensate or Surges of 
Liquid Drain from Housings 


Representotives 


ice) 1431S. Eastern Ave. 
PASSAIC, N. J. INSTRUMENT Los Angeles 22 
COMPANY California . 








Moisture Register 


MODEL DC-2 
gives you all these features 


for $450 


e Dual range, tests from 6% to 28° 
ammeter adjustment for extreme accuracy. e 
Direct reading, instant calibration, simple to 
operate. e Complete shiclding from outside 
electrical interference. e Temperature correc- 
tion from 40 to 240 degrees F. e Automatic 
compensation for voltage and tube variation. 
Ope rates on resistance princ iple e One-year 


e Micro- 


guarantee 
Equipped with long-life, low cost batteries 


Weighs 5 Ibs 
ruggedly constructed. Dimensions 10°x6°.4". 


pius 


self-contained in walnut case 





10 J 
DAY 
FREE TRIAL 


Try the new Model 
DC-2 for 10 days free. 
No obligation. Send 
for it today. Use it, 
test it and prove its 
superiority. 


DC-2 is one of 4 instruments 


specifically designed for testing 


moisture in wood and wood 


products. Instruments are also 


manufactured especially for the 
textile, paper and leather trades. 
model to fit 


There is a your 


requirements. Write today for 


complete details 


The standard 
in moisture 
testing 


ELE TRO 
STURE RE 133 North 


Garfield Avenue 
Alhambra, California 
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New Literatur 


In this department we report new literature pertaining to Instrumentation, received from the 
manufacturers. We urge readers to request ONLY those bulletins which will be of value tp 
them. Use the Postage-free Order Card on Page 99. 





S-1 LABORATORY APPARATUS. Two bul- 
letins, “Laboratory Spotlight No. 4” and “Lab- 
oratory Spotlight No. 5” illustrate and describe 
maker's laboratory instruments and apparatus. 
No. 4 covers spectrophotometer, precision bal- 

x-ray diffraction unit, washers, stirrers, 
No. 5 covers “Polaro-analyzer,”’ torsion 

balance, thermometers, hot plates, etc.; No. 5 
contains 1947 revised atomic weight table.— 
Harshaw Scientific Div.. Harshaw Chemical 
Co., Cleveland 6, Ohio. 

S-2 FLOW CONTROL VALVE. 4-page Bul- 
letin WH-100 illustrates and describes maker's 
flanged silent check valve; lists exclusive fea- 
¢- > s*ows tvpical apolications.—The Williams 
Gauge Co., 1620-22-24 Pennsylvania Ave., Pitts- 
burgh 12, Pa. 

S-3 “GENERAL RADIO EXPERIMENTER.” 
8-page Vol. XXIV, No. 6 issue of this house 
organ features articles on maker's “Type 
1022-A" F-M_ standard-signal generator, and 
“Type 1023-A" amplitude modulater—General 
Radio Co., 275 Massachusetts Ave., Cambridge 
39. Mass. 

S-4 DRAFTING TEMPLATES. 2-page cir- 
cular illustrates use of maker's “Flowplanner”™ 
template for flow plan drawing; contains sam- 
ple drawings, full-size illustrations of templates. 
—Timely Products Co., Bex 266-B, Columbus 
9, Ohio. 

S-5 VACUUM COATING UNITS. 16-page 
bulletin illustrates and describes maker's units 
for coating metal and other objects in high 
vacuum; discusses process and various units; 
lists advantages, characteristics.—Distillation 
Products, Inc., Rochester 13, N. Y. 

S-6 AIR-OPERATED CONTROLLERS. 32- 
page Bulletin No. A120 illustrates and describes 
maker's new line of “Series 500” air-operated 
controllers; lists features, complete data on on- 
off, proportional, reset, derivative, reset plus de- 
rivative models.—The Bristol Co., Waterbury 20, 
Conn. 

S-7 STEAM, AIR, OIL, ETC. STRAINERS. 
4-page Bulletin S-202 describes and illustrates 
maker's fine screen strainers for hot or cold 
services in steam, water, air, oil and gas lines; 
lists types, sizes; discusses uses—Yarnall- 
Waring Co., Chestnut Hill, Philadelphia 18, Pa. 

S-8 FLUE GAS ANALYZER. 4-page Bulle- 
tin No. 1136B illustrates and describes maker's 
continuous indicating and recording flue gas 
analyzer; discusses theory of operation, con- 
struction features; lists available units, acces- 
sories.—Instruments Div., Davis Emergency 
Equipment Co., Inc., 47 Halleck St., Newark 
. we Be 

8-9 AUTOGRAPHIC TITROMETER. 12- 
page Bulletin 640A describes and illustrates 
maker's “‘Recerdomatic” titrometer for auto- 
matic control of reagent feeding; discusses 
advantages, operation, range; contains “Ques- 
tion and Answer” page; gives ordering data.— 
Precision Scientific Co., 3737 W. Cortland St., 
Chicago 47, Tl. 

8-10 ILLUMINATED LAYOUT PLATE 
WITH MICROSCOPE. 2-page bulletin describes 
and illustrates maker's illuminated layout plate 
with microscope for surface inspection; lists 
features, specifications.—All American Tool & 
Mfg. Co., 1014 Fullerton Ave., Chicago 14, III. 

S-11 MICROPHOTOMETER. 4-page bulletin 
describes and pictures maker's “Romicron” 
microphotometer; lists special features; dis- 
cusses calibration procedure.—Paul Rosenthal, 
505 Fifth Ave., New York 17, N. Y. 

S-12 RADIATION COUNTER. 4-page bulle- 
tin illustrates and describes maker's model 


“RM 1” portable, battery-operated radiation 
counter; discusses typical applications; «peci- 
fications.—The Nucleonic Corp. of America, 


497 Union St., Brooklyn 31, N. Y. 

8-13 FLOW-RATE INDICATOR.  2-page 
bulletin describes and pictures maker's “Filo. 
guide” gas flow-rate indicator; lists features; 
gives capacity and dimension tables.—Fisher 
& Porter Co., Hatboro, Pa. 

8-14 TIMING DEVICES. 6-page bulletin 
describes and illustrates maker's timing devices, 
switches, etc.; lists applications, features, dats 
on each.—M. H. Rhodes, Inc., 30 Bartholomew 
Ave., Hartford 6, Conn. 

8-15 “hp JOURNAL.” 4-page Vol. 1, No. 
3 issue of this house organ features pari one 
of a two-part article titled “Design Notes on 
the Resistance-Capacity Oscillator Circuit.”— 
Hewlett-Packard Co., 395 Page Mill Rd., Palo 
Alte, Calif. 

8-16 “CEC RECORDINGS.” 10-page Vol 
3. No. 4 issue of this house organ features 
article titled “Magnetic Susceptibilities of 
Heavy Metal Compounds"; also articles op 
maker's ‘“Titrilog,” oscillograph record mags- 
zine, mass spectrometer.—Consolidated Engi- 
necring Corp., 620 N. Lake Ave., Pasadena { 
Calif. 

S-17 “INSTRUMENT NEWS.” 8-page Vol. 
1, No. 1 issue of this house organ features an 
article titled “Use of Infrared Expands in 
Drug, Biochemical Fields’; contains section 
“Tricks of the Trade” on use of electro-optical 
instruments.—The Perkin-Elmer Corp.,  Glen- 
brook, Conn. 

S-18 ELECTRONIC CONTROL.  64-page 
beok, “Cutting Production Costs with Elec. 
tronic Controls,” illustrates and discusses 45 
case studies on industrial control problems 
solved through use of electronics.—Photoswitch 
Inc., 77 Broadway, Cambridge 42, Mass. 

8-19 LABORATORY ROD CLAMPS. 2-page 
bulletin illustrates and describes maker's rod 
clamps for semi-permanent setups in the labora- 
tory; lists features, types, dimensions.—Chan- 
dier & Stedman, 398 Newton St., Waltham 54 
Mass. 

8-20 “SCIENTIFIC APPARATUS AND 
METHODS.” 38-page fall 1949 edition of this 
house organ features article titled “The Polar- 
ography of Carbonyl Compounds”; Section 
two lists new, reinstated, discontinued items 
specification changes; encloses “‘Table of Hall- 
Wave Potentials.”"—E. H. Sargent & Co., 4647 
W. Foster Ave., Chicago 30, Ill. 

8-21 COMBUSTION CONTROLLERS. _1?- 
page Bulletin SC-2.1 describes and _ illustrates 
maker's combustion controllers; discusses uses 
operation, design and construction, capacities 
and pressures, selection procedure; gives typicai 
applications; lists features.—Selas Corp. of 
America, Philadelphia 34, Pa. 

8-22 STANDARD MEASURING MACHINE 
8-page Circular No. 523 illustrates and de- 
scribes maker’s standard measuring machine: 
discusses operation, features, accessories; |ists 
specifications.—Pratt & Whitney, West Hartford 
1, Conn. 

8-23 STRAIN GAGES. 12-page Bulletin 
No. 279-A_ describes and illustrates use of 
maker's “SR-4" bonded resistance wire strain 
gages in stress analysis; illustrates eight cir- 
cuits with accompanying instruments.—Baldwin 
Locomotive Works, Philadelphia 42, Pa. 
8-24 MEGOHMMETER. 4-page Bulletin No 
1029 illustrates and describes maker's “Model 
29” megohmmeter for resistance measurement 
over a range from 300,000 ohms to 20,000,106 
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ims; diseusses principle of operation, ac- 


ae y; lists specifications.—Herman H. Sticht 

Co.. Inc. 27 Park Place, New York, N. Y. 
<.25 GAS AND LIQUID ANALYZER. 4- 

pege Bulletin No. DZ-4 describes and illustrates 


maker's “Lira” infrared gas and liquid ana- 
lyzer; discusses operation, applications.—Mine 
Safety Appli Co., Braddock, Thomas and 
Meade Sts., Pittsburgh 8, Pa. 

s.26 “THE LABORATORY.” 48-page Vol. 
19, No. 2 issue of this house organ features 
article titled “Taste Takes a Trip to the 
Laboratory”; containes articles on maker's 
electroviscometer, temperature and pressure re- 
corders, ete.—Fisher Scientific Co., 717 Forbes 
St., Pittsburgh 19, Pa. 

8-27 A-C REGULATORS. 12-page Catalog 
No. A-1049 illustrates and describes maker's 
a-c electronic voltage regulators; contains per- 
formance chart; lists electrical and mechanical 
specifications, and unusual voltage conditions of 
each model.-—Sorensen & Co., Inc., 375 Fair- 
field Ave., Stamford, Conn. 

8-28 D-C POWER SOURCES AND SUP- 
PLYS. 8-page Catalog No. B-1049 describes 
and illustrates maker's “‘Nobatron” d-c. power 
sources and power supplys; lists electrical and 
mechanical specifications.—Sorensen & Co., Inc., 
375 Fairfield Ave., Stamford, Conn. 

8-29 CARBIDE GAGES. 8-page bulletin 
lists ranges, accuracies, prices of maker's go, 
not go, and progressive standard plug and 
ring gages with carbide inserts.—Arthur A. 
Crafts Co., Inc., 603 Newbury St., Bosten 15, 
Mass. 

8-30 MACHINE SHOP GAGES AND 
TOOLS. 8-page bulletin illustrates and de- 
scribes maker's diamond and carbide tools, 
wear parts, gages, diamond dust; lists prices. 
—Arthur A. Crafts Co., Inc., 603 Newbury 
St., Boston 15, Mass. 

8-31 “S-L INSTRUMENT NOTES.” 4-page 
No. 12 issue of this house organ features 
article titled “‘The Meaning of ‘Natural Fre- 
quency’; also contains index of articles pub- 
lished in preceding issues.—Statham Labora- 
tories, 9328 Santa Monica Blvd., Beverly Hills, 
Calif. 

8-32 CONTROL VALVES. 2-page folder 
describes and illustrates maker's control valves 
for industrial use; lists sizes, uses of tem- 
perature regulators, feed regulators, etc.—Atlas 
Valve Co., 280-284 South St., Newark 5, N. J. 
8-33 “SK ENGINEERING NEWS.” 4-page 
Vol. 1, No. 3 issue of this house organ con- 
tains article titled “‘Rotameters Can Provide 
Close Control Over Batch Process’; also fea- 
tures items on maker's rotameters, condensers, 
fume scrubbers, oil heaters.—Schutte & Koert- 
ing Co., 1185 Thompson St., Philadelphia 22, Pa. 
8-34 PRECISION ANEMOMETER. _2-page 
bulletin illustrates and describes maker's ‘Pre- 
cision Air-Meter” for measuring low air or 
gas velocities; lists characteristics, advantages; 
discusses principle of operation.—Hastings In- 
strument Co., Inc., P. O. Box 1275, Hampton, 
Va. 

8-35 SHIP POSITION PLOTTING. 4-page 
reprint from The Oil and Gas Journal, July 7, 
1949, of article titled “‘A Method of Surveying 
by Use of Radio Waves” and 2-page bulletin, 
“Raydist Automatically Records A  Vessel’s 
Exact Position and Course,” discuss history, 
development and operation of maker's “‘Radist” 
ship position and course plotting system.— 
Hastings Instrument Co., Inc., P. O. Box 1275, 
Hampton, Va. 


8-36 ELECTRONIC STANDARD CELL. 2- 
page bulletin describes and illustrates maker's 
electronic standard cell; lists features, char- 
acteristics.—Hastings Instrument Co., Inec., 
P. 0. Box 1275, Hampton, Va. 


8-37 PORTABLE ANEMOMETER. 2-page 
bulletin illustrates and describes maker's “‘Air- 
Meter” portable anemometer; lists features, 
characteristics; discusses principle of opera- 
tion lists accessories.—Hastings Instrument 
Co, Inc., P. O. Box 1275, Hampton, Va. 

8-38 “THE OHMITE NEWS.” 2-page No- 
vember issue of this house organ features article 
titled “More Uniform Control Achieved with 
Taper-wound Rheostats”; also contains articles 
on maker's resistors.—Ohmite Manufacturing 
Co., 1835-41 Flournoy St., Chicago 44, Ill. 


69 COLOR MEASUREMENT. 4-page 
bulleiin illustrates and describes maker's “Color- 











@Your replacement cost of pressure gages may 
be higher than you think. For example, in an oil 
refinery the average annual cost runs about 10¢ 
per barrel daily through-put. On that basis, a small 
10,000 barrel refinery spends about $1000 a 
year for new gages. And the cost of parts, repairs 
and maintenance is much higher. 

Investigate your own gage costs! They may be 
much more than they should be. 

Helicoid gages last longer—many times longer 
than conventional gages—at about the same price. 


Specify HELICOID to cut your gage costs. 


__ «=, HELICOID 
fe 

Only Helicoid Pressure Gages 

have the Helicoid Movement. 





HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 


Bridgeport 2, Connecticut 
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Designers and manufacturers concerned with the ex- 
cessive space requirements and high cost of external 
reduction gearing will welcome this new slow speed 
timing motor. The series 4400 requires minimum space 
and provides, at comparatively low costs, speeds from 
6 hours to 7 days per revolution. The careful design, 
expert engineering and precision manufacture, are 
advantages common to all Haydon motors. 


SUPERIORITY FEATURES 
DEPENDABILITY: Siow 450 rpm rotor speed means less 


SMALL SIZE: 


reduction gearing and fewer fast wheels, pro- 
viding quieter operation and longer life. 
Smallest available of this type. 


TOTAL ENCLOSURE: A basic feature of sound design. 


CONTROLLED 


OPERATING 


LUBRICATION: Separate rotor and reduction 
gearing lubricating systems permit selection of 
best methods and lubricants, control circula- 
tion, insure against leakage. 

POSITION: Operates continuously in any 
position. 


SIMPLE, SECURE ASSEMBLY: Entire face of motor can be 


STANDARD INTERCHANGEABLE DESIGNS: Speed from 300 


For complete design and engineering specifications, write 
for catalog: Timing Motors No. 322 — Timers No. 323 
ay — Clock Movements No. 324. Yours without obligation. 


supported securely against mounting surface. 
Motor leads standard for quick, inexpensive 
wiring. 


rpm to 1 revolution per week in only 2 inter- 
changeable motor series. 








HAYDON 


AT TORRINGTON 


HEADQUARTERS FOR 


TIMING 
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HAYDON Manufacturing to. Inc. 


2025 ELM STREET 
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Eye,” a new industriai color measurin, an{ 
comparison instrument designed to replat, 
human observer in precise color-matching prob. 
lems; lists features and technical specific. jon, 
—Instrument Development Laboratories, [n¢:. 
163 Highland Ave., Needham Heights 94, \as; 


8-40 THICKNESS MEASUREMENT. page 
bulletin describes and illustrates maker's ‘|| 
Opti-Mike” thickness microscope which pe: mits. 
for the first time, precise thickness measur: ment 
of glass, plastics, quartz, and any other ‘rans. 
parent material where physical access t: one 
side only is possible; lists performance c)iarac. 
teristics, typical applications.—Instrumen! >. 
velopment Labs., Inc., 163 Highland Ave., Need. 
ham Heights 94, Mass. 

S-41 WASTE CONTROL. 16-page booklet 
“Solving Industrial Crimes—Case No. 38,” de. 
scribes solution to one company’s excess lighting 
load problem; lists applications of maker's re. 
cording instruments in various industries t) 
help eliminate waste.—The Esterline-Angus (o 
Inc., Indianapolis 6, Ind. 

S-42 ELECTRICAL INSTRUMENTS. 4-page 
Bulletin C-50 illustrates and describes maker's 
switchboard instruments; lists specifications 
types available; encloses 8-page price list.—Re. 
liance Instrument Co., 3027 W. Van Buren St 
Chicago 12, Il. 

S-43  MACHINABILITY TESTER.  8-page 
bulletin illustrates and describes maker's “MSE 
Schlesinger” machinability tester for measuring 
machinability in establishing machinability 
standards; discusses operation, application; ex. 
plains “‘machinability index” and tool stand. 
ardization.—Vanton Equipment Corp., Empire 
State Bldg.. New York 1, N. Y. 

S-44 TIMING MOTORS. 4-page bulletin de 
scribes and illustrates maker's “SC” and “L( 
timing motors; lists special features, specifica- 
tions, dimensions, speeds.—International Regis. 
ter Co., 2616 W. Washington Blvd., Chicago 12 
Ii. 

S-45 VARIABLE-AREA RECORDER AND 
REPRODUCER. 4-page bulletin illustrates and 
describes maker's variable-area recording and 
reproducing instruments for analysis of seismic 
impulses under laboratory conditions; list 
specifications; describes power supply.—Seismo- 
graph Service Corp., Tulsa, Okla. 

S-46 VIBRATION TEST MACHINES. 4-page 
bulletin describes and illustrates maker's “Type 
RVCG" constant G, and “Type RVCA” constant- 
amplitude vibration test machines; lists features 
dimensions, specifications.—L.A.B. Corp., 
Union PL, Summit, N. J. 

S-47 SHUTOFF VALVE. 2-page Bulletin 
No. 215 illustrates and describes maker's “2 
Series” safety shut-off valve; lists features, ap 
plications.—The North American Mfg. (Co 
Cleveland 5, Ohio. 

S-48 SIGNAL CALIBRATOR. 2-page bulle 
tin describes and illustrates maker's “Electro 
Cal” signal calibrator for laboratory measure 
ments; lists special features, range, output 
specifications.—Industrial Electronics, Inc., 245 
Woodward Ave., Detroit 1, Mich. 

8-49 INDUSTRIAL ANALYZER, 2-page bu! 
letin describes and illustrates maker's “Mod 
247” portable electrical industrial analyzer 
discusses operation, application; lists specifica 
tions.—Instrument Laboratories, 315 W. Walton 
Pl., Chicago 10, Il. 

5-50 “MODERN PRECISION.” 8-page Vo 
9, No. 3 issue of this house organ features 
articles on maker's electrodes for industria 
pH mensurement, integrated control for fur 
naces, “‘Micromax’’ controllers and_ recorder 
in metals, process industries, ceramics, power 
research, teaching and testing.—Leeds & North 
rup Co., 4902 Stenton Ave., Philadelphia 44, Pa 

S-51 INDUSTRIAL MIRRORS. | 16-page 
booklet, “‘A New Chapter in Reflectivity,”” gives 
brief history of development of maker’s indus 
trial reflecting surfaces; lists advantages, ap 
plications.—Pancro Mirrors, Inc., Glendale 
Calif. 

S-52 CONSTANT TEMPERATURE & Hl 
MIDITY CABINET. 2-page bulletin illustrates 
and describes maker's “Model 206CD" constan! 
temperature and humidity laboratory cabinet 
lists features; discusses construction.—! 00¢ 
Technology Inc., 5903 Northwest Highway 
Chicago 31, Il. 

8-53 LEVEL MEASUREMENT. 24-pagt 
Catalog 75 illustrates and describes maker* 
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Graduate Electronic Engineers 
yr Physicists with from 3 to 10 
‘ears experience in the follow- 
ng fields. (a) UHF and VHF 
circuit and antennae design, (b) 
jesign of servi-mechanisms and 
control circuits, (c) design of 
carrier-type strain gage record- 
ng systems. The position will 
require personnel who can super- 
vise engineers and/or techni- 
cians, design equipment and fol- 
low construction and necessary 
trouble-shooting after installa- 
tion. This work is required for 
the flight testing of piloted and 
pilotless aircraft. Write Chance 
Vought Aircraft, P. 0. B. 5907, 
Dallas, Texas. 











“Levelimeter” instruments for indicating, meas- 
uring and controlling liquid level and interface 
level; discusses features, applications.—Fischer 
& Port:r Co., Hatboro, Pa. 

8-54 TEMPERATURE INDICATORS. 8-page 
Bulletin GEC-565 illustrates and _ describes 
maker's thermocouple and resistance thermom- 
eters and accessories; gives specifications, 
classification tables, features.—Apparatus Dep't, 
General Electric Co., Schenectady 5, N. Y. 

$55 “WHAT’S NEW FOR THE LABORA- 
TORY?” 12-page No. 9 issue of this house 
organ contains articles on maker's laboratory 


© apparatus, instruments, chemicals, glassware, 
| ete.—Scientific Glass Apparatus Co., Inec., 49 


Ackerman St., Bloomfield, N. J. 

8-56 JACKS, PLUGS, SWITCHES. 12-page 
Catalog No. S49 describes and illustrates maker's 
phone jacks, plugs, switches; discusses several 
models of each; gives specifications, drawings. 
—Switcheraft, Inc., 1328-30 N. Halsted St., 
Chicago 22, I. 

S-57 “hp JOURNAL.” 4-page Vol. 1, No 
{ issue of this house organ features part two 
conclusion) of article titled “Design Notes 
on the Resistance-Capacity Oscillator Circuit,” 
contains typical characteristics chart of resist- 
ance-capacitance oscillators.—H e w lett-Packard 
Co., 395 Page Mill Rd., Palo Alto, Calif. 

8-58 “GENERAL RADIO EXPERIMENT- 
ER.” 8-page Vol. XXIV, No. 7 issue of this 
house organ features articles titled “‘A Precision 
Attenuator Having a Wide Frequency Range,” 
and “An Acoustic Calibrator for the Sound- 


97 


level Meter.""—General Radio Co., 275 Massachu- 





© setts Ave., Cambridge 39, Mass. 


8-59 “CURRENTLY.” 8-page Vol. 3, No. 2 
issue of this house organ features article titled 
Load Regulation” discussing use of voltage reg- 


) 








A supply of these cards 
for the asking 

Is your copy of Instruments routed 
to several people? 

Does your Company Librarian for- 
bid mutilating tech mags? 

Or do you yourself wish to preserve 
your own copies intact? 

Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


| ( 








_ ulators, limear and non-linear loads.—Sorensen 


ind Co., Ine., 375 Fairfield Ave., Stamford, Conn. 

5-60 TRANSFORMERS. 18-page Catalog 
1950-1 deseribes and illustrates maker's output, 
input, interstage, plate and filament, power 
smoothing and swinging chokes, modulation and 


replacement type transformers; lists charac- 

t ties.——Peerless Electrical Products  Div., 

A Lansing Corp., 161 Sixth Ave., New York 
fe. a 


| “WHEELCO COMMENTS.” 4-page 
\ 1, No. 1 issue of this house organ features 
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Yast Pibbshed / 


Operation and Care 
of Circular-scale 
Instruments 


By JAMES SPENCER, for twenty years in charge of 
Instrument and Relay Department, Meter Division 


Westinghouse Electric Corporation 


CONTENTS 
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“Interlocked Control System at 
Lima Register Company,” and discusses maker's 
mobile temperature recorder and plastic ex- 
truders; encloses 2-page bulletin on maker's 
“Model 1300 Flame-trol.”"—Wheelco Instru- 
ments Co., Harrison & Peoria Sts., Chicago 7, Ill. 

8-42 “HOW TO RUN A LATHE.” 128- 
page Vol. 1, Edition 49 of this book contains 
nine chapters discussing fundamentals of opera- 
tion of modern screw-cutting engine lathe.— 
South Bend Lathe Works, South Bend 22, Ind. 

8-63 “CENCO NEWS CHATS.” 28-page 
No. 66, Winter 1949-1950 issue of this house 
organ contains articles titled “American Pe- 
troleum Institute,” “A Discussion of Laboratory 
Gas Burners,” “Dairy Microscopes,” “Automatic 
Vacuum and Pressure Control,” and “The Lab- 
eratory Assistant” section on new ideas for 
better work.—Central Scientific Company, 1760 
Irving Park Rd., Chicago 13, Ill. 


article titled 


AUTOMATIC PRESSURE, TEMPER- 
ATURE COMPENSATION. 4-page Bulletin 
M-51 describes and illustrates how maker's 
“Ring Balance’ meters provide automatic com- 
pensation for pressure, temperature, or both. 
—Hagan Corp., Hagan Bidg., Pittsburgh 30, Pa. 

8-65 TRANSFORMERS. 6-page loose-leaf re- 
print of Bulletin 149 for insertion in maker's 
binder fllustrates and describes use of maker's 
linear variable differential transformers with 
Brown “Electronik” recorders.—Schaevitz 
Engrg., Crescent Bivd. at Drexel Ave., Penn- 
sauken Twp., Camden 11, N. J. 

8-66 “THE C-D CAPACITOR.” 16-page Vol. 
14, No. 12 issue of this house organ features 
article titled “High-sensitivity AF-RF Signal 
Tracer”; contains regular “The Radio Trading 
Pest” section for “buyers, sellers and swappers.” 
—Cornell-Dubiiier Electric Corp., Hamilton 
Bivd., South Plainfield, N. J. 
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The Hew | 
XAC]LINE 


STRAIGHT LINE 
TEMPERATURE CONTROL 


Anticipates 
Temperaiure Change 
Eliminates Overshoot 

and Undershoot 


Now with XACT. 

LINE Straight Ling 

Temperature Con. 

trol you can in 

crease the effi. 

ciency of your Pyrometer 

Control Instruments (either 

Millivoltmeter or Potentiometer Type) to an 
amazing degree. Now you can hold toler 
ances as close as 1/5°F. plus or minus ond 
power ‘‘on-off’ cycles as low as 3 seconds, 

For XACTLINE, operating in the thermo 
couple circuit, ANTICIPATES the most minute 
heat variations on both heating and cooling 
cycles, thereby enabling your pyrometer con 
troller to control far more closely than other. 
wise possible. 

This Anticipation Factor means that XACT. 
LINE causes the conventional pyrometer con 
troller to respond to a millivoltage impulse 
up to 90% less than that normally required, 
(the controlling pyrometer functions only when 
the desired temperature range has already 
been exceeded). 

XACTLINE is laboratory tested and adjusted 

.- « » does not require read- 
justment or coordination with 
other controllers. 
NO gears, cams, shafts, 
bearings or other rotating or 
sliding parts. Simple design 
eliminates vusucl mainte- 
nance and repair. 


re 


es 
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Xactline in Circuit 
PRECISE CONTROL FOR .. .Tempering-Draw: 
ing...!so-Thermal Quenching... Al and Mg 
Treatment...Accurato Heat Treating... Sinters 
ing... Metallic Baths ... Plastic Molding. 


and other operations ... Price 50 
complete F. 0. B. Factory... $79* 


Write for the new XACTLINE data folder today! 
ew ey ey yey us 
SGORDON:= 

~ SERVICE: >< 


CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heat Treating 
ond Temperature Control Field 

Dept. 21 @ 3000 S. Wallace St., Chicago 16, Il 

Dept. 21 @ 2035 Hamilton Ave., Cleveland 14,0 
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